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THE PROTOZOAN FAUNA OF THE SOILS OF NEW JERSEY 


C. R. FELLERS anp F. E. ALLISON 
Formerly at the New Jersey Agriculiural Experiment Station 


Received for publication December 28, 1919 


INTRODUCTION 


Among the many inhabitants of the “living soil” are the protozoa. In 
this study other microscopic forms of life such as the algae and diatoms are 
included. Little do we know regarding the function in the soil of these 
minute organisms. What species are to be found there and how many of 
each? How do they get into the soil and what is their mode of life there? 
Does their presence influence or affect in any way the soil microflora and 
indirectly soil fertility in general? Some of these questions have been studied 
from several angles by various investigators and unfortunately often with 
contradictory results. The past decade, however, has contributed much 
valuable knowledge on this subject. 

It is not the authors’ intention to dwell at any length upon the literature 
of soil protozoa. For a critical survey of the work already done the reader 
is referred to the admirable review of Kopeloff and Coleman (18). Let it 
suffice to say that there has been to date no moderately thorough published 
work regarding the character of the soil microfauna. This problem con- 
stitutes the authors’ principal thesis. Naturally, in the execution of such a 
piece of work, many interesting side-lights were encountered and studied 
more or less. Among these may be mentioned studies on methods and 
media for culture and examination, excystation, reproduction and distri- 
bution of the soil protozoan fauna. This brief report embodies the main 
results obtained from an extended period of research and observation of 
nearly two years, carried out on many soils with several media under various 
methods of observation and study. Most of the soils studied were examined 
several times at different seasons with the use of several media. 

Unless one has had much experience in the routine examination and identi- 
fication of plankton organisms, it requires a considerable time to become 
familiar enough with the literature, methods and finally the large number of 
species encountered, to carry on the work in a profitable manner. For this 
reason, much of the isolated work which has been done in the past on this 
subject is of limited biological value, but is important mainly from the stand- 
point of agricultural science and more especially soil fertility. 
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METHODS 


In the preliminary work, soils were used from the immediate neighborhood 
of New Brunswick. Later samples were studied from all parts of the state. 
Most of the samples were taken at a depth of from 1 to 4 inches in the usual 
way. However, some of the samples sent in by the various county agri- 
cultural agents were put up in tin cans or paper bags. The depth of soil 
taken for the samples excludes the strictly surface forms. These cannot, 
strictly speaking, be called soil-dwellers and should be excluded in a study 
of this kind. Samples were taken at all seasons of the year, even in mid- 
winter when the soil was solidly frozen. No sample was taken when there 
was standing water on the soil, nor were any taken in close proximity to 
ditches, streams, or ponds (except to study the fauna under such conditions). 
As many types of soil were used as possible; varying degrees of fertility and 
acidity were also compared to a limited extent. 

One-hundred-gram portions of the soil under consideration were placed in 
each of three Erlenmeyer flasks containing about 125 cc. of media. The 
three media used generally in this work were soil extract, horse-dung and 
hay infusions. The flasks were incubated at room temperature (20-21°C.) 
and examined daily for the first 15 days, then biweekly for a period of about 
2 months. In general it was found that little was to be gained from exam- 
ining cultures over a month old. It is believed that all the protozoa 
existing in the soil as cysts or spores excyst within 30 days. A few very old 
cultures were studied to determine how long protozoa are able to live in the 
samemedium. In this connection it may be stated that some forms were 
still found after 2 years’ incubation in soil extract medium. 

During the examination of cultures, care was exercised not to agitate the 
flasks so as to disturb the soil in them. It was found that some species 
were surface dwellers while others preferred the area just above the soil layer; 
still others were free-swimming and inhabited all parts of the liquid. The 
culture solution was removed from the flasks for study by means of small 
capillary pipettes. Both plain and hollow-ground microscopic slides were 
used, though the superiority of the latter is obvious. In rapid routine 
work, however, it is quicker to use plain glass slides. In order to find rela- 
tively rare specimens it is sometimes necessary to examine a considerable 
amount of material. For this work plain slides without cover slips were 
used, and on locating the organism, the latter was transferred to a cover slip 
and examined at leisure on a hollow-ground slide. For the examination of 
cultures a low magnification is preferable at first, then higher magnifications 
are used if necessary. For ordinary purposes with ciliated organisms or 
rhizopods the 250 and 500 magnifications are most satisfactory, but for the 
minute flagellates and for the study of stained specimens, it is necessary to 
use magnifications at times as high as 1200 diameters. 
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The satisfactory killing, staining and fixing of protozoa on glass slides is 
somewhat difficult and requires considerable patience and experience to 
obtain good results. Distortion of the body of the organisms is almost un- 
avoidable. Most bacteriological stains used in connection with the dry or 
flame methods of fixing are not satisfactory except in the case of the minute 
flagellates. The killing agent must act rapidly or distortion will result. 
Osmic vapor or 2 per cent solution of the acid, potassium iodide, bichloride 
of mercury (saturated solution) to which has been added 1 per cent acetic 
acid, and picrosulfuric acid were the best killing reagents used. Intra-vitam 
staining with dilute solutions of methyl green, methylene blue or Congo red 


- gave very good results. The Romanowsky stain as modified by Morgan (24) 


was tried with good results but consumed too much time for routine work. 
Iron haemotoxin gave good results as a nuclear stain, while for staining cilia, 
tannic acid was good. In the case of very active organisms it was found 
that observation could be much simplified by placing a few strands of cotton 
on the slide to restrict motility. Dilute agar solution is also useful for this 
purpose. For further information on the subject of staining and fixing 
protozoa the reader is referred to a short, concise article by Hargitt (11). 


DIRECT EXAMINATION OF SOIL FOR PROTOZOA 


All samples inoculated into media for study were previously studied micro- 
scopically to detect trophic protozoa. For this examination the soil sample 
was dampened with water, placed on a slide and examined for about 5 min- 
utes. If no living cells were detected in that time, the sample was called 
negative. In but two soils collected were living protozoa found and then 
only in very small numbers. Samples of soil taken near ditches or ponds 
practically always showed living specimens, as did samples collected in low 
places where there was standing water after heavy rains. These latter samples 
are not included in the number of soils classed as normal and on which our 
work was based. 


PRESENT STATUS OF OUR KNOWLEDGE CONCERNING THE CHARACTER OF 
THE SOIL FAUNA 


It is interesting to speculate for a moment upon the manner in which pro- 
tozoa are spread in soil. Leeuwenhoek (19) as early as 1677 found and 
described several species of protozoa from rain-water. The rain is therefore 
one of the means by which cysts were originally distributed in soils. Ehren- 
berg (8, 9) in 1837 mentions that he found large numbers of protozoa in 
rich soils. Since his time, Rosenburg-Lipinsky (28), Wolff (38), Cunningham 
and Lohnis (5), Martin (21), Waksman (34) and others mention the exis- 
tence of a considerable soil fauna. No specific reference was found suggesting 
a plausible explanation for the presence in soil of such large numbers of species 
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and protozoan cells. Miquel (23) showed that protozoa and algal spores or 
cysts were common in air and rain-water even on the tops of the highest 
mountains of France. It is suggested that the air, rain, snow, winds, etc., 
disseminate these or ganisms over all the land. Up to the present day the 
validity of the old “egg and germ” theory of distribution of species by the 
elements mainly, has not been seriously questioned. All biologists know that 
protozoa are abundant on grass-stems, bark of trees, among mosses and 
lichens and even other places where their presence would not be expected 
because of the lack of moisture. Leidy (20) in his excellent treatise on rhizo- 
pods states, “Although essentially aquatic, they (rhizopods) occur wherever 
there is moisture, including damp rocks and soils, among vegetation, on the 
barks of trees, and even in the crevices of walls and pavements in cities.” 
Pleas (25) found many living species of algae, protozoa and rotifers among 
lichens collected in mid-winter from dry rocks and fences. He found organ- 
isms in various stages of development and thereby concluded that the 
organisms had been leading a trophic existence. He calls attention to the 
inadequacy of the old “egg and germ” theory to account for the large num- 
bers found. This matter will be discussed further in this paper. 

The number of protozoain soils varies widely with the nature of thesoil. But 
there are very few soils that have not a fairly large number of cells belonging 
to numerous genera and species. No soil was examined in the state of New 
Jersey which did not contain some protozoa. The number of individuals 
present varies from a very few to many thousands per gram of soil. The 
dilution method of determining the number in soil is perhaps the most ac- 
curate method that can be used. Varying dilutions of the soil being studied, 
are made up and inoculated into suitable media such as soil extract or horse- 
dung infusion. These media are then examined microscopically for living 
protozoa daily up to about 30 days. It is obvious that a method which 
determines the number of cells in a culture solution after being inoculated for 
several days is inaccurate on account of the rapid multiplication of the 
organisms. Also certain species excyst after a few hours and some only after 
some days, hence it would be almost impossible to determine all the organisms 
present. By means of the dilution method the relative numbers of any 
species may be accurately determined although the procedure is time-con- 
suming. Sherman (31) found some soils containing 10,000 protozoa per 
gram. Rahn (27) found an average of about 100 ciliates and from 1000 to 
10,000 flagellates. Waksman (34) reports from 10 to 100 ciliates and 100 
to 10,000 flagellates per gram of soil. In these estimates the numbers of 
rhizopods present in the soil are not given except very approximately. It is 
the authors’ opinion that amoebae are very widely distributed in the soil. 
Since, as a rule, they excyst only after a considerable period, they are no 
doubt frequently overlooked. Wilson (37) substantiates this view when she 
refers to naegleria (amoeba) gruberi as the “common soil amoeba.’”’ Martin 
and Lewin (22) in England also found many amoebae in soils. Under ordi- 
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nary conditions Waksman found no protozoa at a greater depth than 12 inches 
and showed that the greatest numbers are concentrated in the top 4 inches of 
the soil. 

Regarding the presence of /iving protozoa in soil, much has been written. 
The results reported by various investigators are conflicting. This is to be 
expected, however, since the character of the soil, its moisture and organic 
content and its bacterial and protozoan life needs must vary in different 
parts of the world. In general, the English investigators incline to the view 
that protozoa in a trophic condition are constantly present in most soils. 
On the other hand, the American investigators’ findings have demonstrated 
just the reverse. Whether the English workers drew their conclusions cor- 
rectly from the results obtained has been discussed in the literature. Since 
the very thorough work of Koch (15, 16) and Waksman (34, 35) was carried 
out in New Jersey, their conclusions may be applied to New Jersey soils. 
Koch concludes protozoa do not exist in normal soils or even in soils where the 
moisture content is somewhat above normal. He refers here to field soils in 
particular. In greenhouse soils containing much organic matter and with 
high moisture content he found a few living protozoa. He thinks that pro- 
tozoa may become active in soils whenever the moisture content rises con- 
siderably above the normal. Waksman found very few living protozoa in 
field soils and this investigator shows that both moisture and organic content 
are the principal limiting factors for the development of protozoa in the 
soil. Our work is entirely in accord with that of these two investigators; 
namely, that in ordinary soils there are very few living protozoa even though 
this same soil may contain thousands of cysts per gram. In the examination 
of some hundred fresh samples of soil, but two were found to contain living 
protozoa on the direct examination. In one case several monas guitula were 
observed in a heavy clay soil of the Penn series, and in the other case a few 
specimens each of naegleria gruberi and colpoda cucullus were demonstrated 
from a shaley loam soil of the same series. In water-logged soils and in 
samples obtained near ditches and ponds many species of /iving protozoa 
were present. ? 

Purdy and Butterfield (26), with pure, bacteria-free cultures of protozoa, 
have recently shown that some of the common species of protozoa cannot 
exist in culture solutions containing organic matter, without the presence of 
living bacteria. They have proven that bacteria form the main food for pro- 
tozoa and that the latter cannot subsist on organic matter, as was claimed by 
some investigators. In culture solutions the numbers of protozoa present 
always increased directly at the expense of the bacteria. Several investigators 
using impure cultures (i.e., cultures of protozoa mixed with bacteria), have 
shown that protozoa are bacteria eaters. Among these are Huntemiiller (13) 
and Hoffman (12), who showed conclusively that certain water protozoa ingest 
typhoid bacteria. Among the species mentioned are two common soil flagel- 
ates, viz., bodo ovatus and bodo saltans. This is of interest, as Sherman (31) 
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in his extended researches found that flagellates did not limit bacterial numbers 
in solution and soil. He found that the ciliates were capable of causing a 
large decrease in numbers of bacteria in culture solutions and in soil under 
proper conditions. Waksman’s (35) results are in general in accord with 
Sherman’s. It is thus seen that at least some species of protozoa use bacteria 
regularly as food, and it follows that the protozoa living in the soil also ingest 
bacteria. Since flagellates are the most common of all the protozoa and as 
Sherman found in general that they did not consume many bacteria, they are 
not perhaps of much consequence in the soil. However, this point needs to 
be more thoroughly investigated before any conclusions can be safely drawn. 
Goodey (10) shows that active protozoa exist in certain sewage-treated soils 
in England and may be a limiting factor in the fertility of those soils. This 
is undoubtedly true, and even in some of the wet, low-lying soils of New 
Jersey, the protozoa present may have a considerable detrimental influence 
upon the bacteria which are present. Russel and Huchinson (29, 30) claim 
that when soils are partially sterilized by heat or antiseptics the beneficial 
effect noted on the subsequent crop is a result of the destruction of an injurious 
biological factor (protozoa supposedly). Much controversy has arisen con- 
cerning this veiwpoint but it is probably the consensus of opinion of soil biolo- 
gists that the well-known beneficial effect upon the soil is due to a number of 
other reasons. Under certain conditions it cannot be denied that protozoa 
might be able to decrease the fertility of a soil by destroying the beneficial soil 
bacteria. 


ENUMERATION OF SPECIES OF PROTOZOA AND ALGAE IN NEW JERSEY 
SOILS 


For the identification of these organisms, great care was taken to consult 
thoroughly the literature of protozodlogy to make certain of the correct 
nomenclature. In some cases this has been found to be very difficult because 
of the often imperfect descriptions and figures of the early investigators com- 
bined with the over-zealousness of others in making new genera and species 
when existing classifications were entirely adequate. It is not uncommon 
for a single organism to be described in the literature under five or six dif- 
ferent names. In compiling the list below, the name of the investigator who 
named the species is always mentioned so that no doubt may be entertained 
as to the organism described. As the literature on the subject is somewhat 
scattered, some of the more useful works found for the identification of these 
organisms are given in the bibliography. Among them are Butschli (1), Kent 
(14), Calkins (2, 3), Déflein (6), Leidy (20), Stokes (33), Conn (4), Edmond- 
son (7), Stein (32), Whipple (36) and Wolle (39, 40). 

In the plates appended to this paper the more common soil protozoa and 
algae are roughly pictured. The drawings were originally made from the 
living and stained organisms themselves. In a few of the drawings, figures 
taken from the literature were used in connection with the original drawings. 
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The following species were identified.! 


A list of the protozoa and algae found in New Jersey soils 


(For drawings of the commoner forms see plates 1-4) 


Class—Sarcodina 

Subclass—Rhizopoda 
Hyalodiscus (amoeba) limax Duj. ++ 
Hyalodiscus (amoeba) guttula Duj. ++ 
Amoeba proteus Ehrbg. ++ 
Amoeba radiosa Ehrbg. ++ 
Naegleria (amoeba) gruberi Schardinger (Wilson) ++++ 
Arcella vulgaris Ehrbg. + 
Difflugia pyriformis Perty + 
Difflugia globulosa Duj. + 
Pamphagus mutabilis Bailey + 
Microgromia socialis Arch. + 
Diplophrys archeri Bark. + 
2Mastigamoeba sp. (?) ++ 
*Ciliophrys infusionum Cienk. + 


Subclass—Heliozoa 
Actinophrys sol Ehrbg. ++ 
Vampyrella lateritia Fres. + 
Raphidiophrys sp. (?) + 
Clathrulina elegans Cienk. + 


Class—Mastigophora 

Subclass—Flagellidia 
Monas termo Ehrbg. (Martin) ++++ 
Monas guttula Ehrbg. ++-+ 
Monas vivipara Ehrbg. ++ 
Oikomonas mutabilis S. K. (Kent) +++ 
Cercemonas crassicauda Duj. +++-+ 
Cercemonas longicauda Duj. +++ 
Pleuromonas jaculans Perty ++ 
Physomonas elongata Stokes ++ 
Monosiga ovata S. K. + 
Phyllomitis amylophagus (?) Klebs ++ 
Bodo (heteromita) vvatus (caudatus) S. K. +++ 
Bodo globosus Stein +-+ 
Bodo lens Miill. (S. K.) + 
Bodo sp. (?). Resembles Conn No. 79 + 
Clostenema socialis (?) Stokes + 
Tetramitis variabilis Stokes + 
Hexamitis inflatus Duj. + 
Euglena viridis Ehrbg. ++ 
Euglena acus Ehrbg. ++ 
Phacus pyrum Ehrbg. ++ 


1 Relative abundance of species is indicated by plus (+) marks as follows: rare +; oc- 
casional ++; common +++; very common +++-+. Identification doubtful (?). 
2 These two forms are often included in the Mastigophora. 
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Class—Mastigophora 
Subclass—Flagellidia—Continued 


Phacus longicaudus Ehrbg. +- 

Eutrepia viridis (?) Perty + 

Trachelomonas volvocina Ehrbg. + 
Cryptoglena pigra Ehrbg. ++ 

Astasia trichophora (?) Ehrbg. ++ 

Astasia sp. (?). Resembles Conn No. 73 + 
Paranema trichophora Ehrbg. +--+ 

Heteronema acus Ehrbg. ++ 

Petalomonas mediocanellata (?) Stein + 
Mallomonas sp. (?). Resembles Edm. No. 85 + 
Crytomonas ovata Ehrbg. ++ 

Chilomonas paramecium Ehrbg. (Stokes) ++ 
Chilomonas sp. (?). Resembles Conn No. 95 + 
Chlamydomonas sp. (?) ++ 


Class—Infusoria 
Subclass—Ciliata 


Holophrya sp. (?). Resembles Conn No. 120 +++ 
Holophyra sp. (?). Resembles Conn No. 121 ++ 
Urotricha sp. (?). Resembles Edm. No. 91 ++ 
Urotricha (balantozoon) agile Stokes ++ 
Enchelys farcimen Ehrbg. ++++ 

Enchelys sp. (?). Resembles Conn No. 124 + + 
Prorodon teres (?) Ehrbg. ++ 

Prorodon armatus (?) C. & L. ++ 

Mesodinium sp. (?) + 

Lionotus fasciola Ehrbg. ++ 

Loxophyllum flexilis Stokes ++ 

Dileptus gigas C. & L. ++ 

Dileptus sp. (?). Resembles Conn No. 160 ++ 
Chilidon cucullulus Mill. +-++ 

Chilidon megalotrochae Stokes +-++-+ 

Trichoda pura Ehrbg. (Edm. No. 118) ++ 
Glaucoma scintillans Ehrbg. +++ 

Colpidium striatum Stokes +++ 

Colpidium colpoda (?) Stein +++ 

Uronema marina Duj. ++ 

Colpoda (tillina) saprophila Stokes +++ 
Colpoda cucullus Stein ++-++ 

Colpoda campyla Stokes +++ 

Colpoda helia Stokes ++ 

Colpoda flavicans (?) Stokes + 

Paramoecium trichium Stokes + 

Paramoecium caudatum Ehrbg. + 

Pleuronema chrysalis Ehrbg. -+-+ 

Pleuronema sp. (?). Resembles Conn No. 211 ++ 
Cyclidium glaucoma Ehrbg. +++ 

Lembus pusillus (?) Quenn. (Calk.) + 
Blepharisma (apgaria) ovata (?) Stokes + 
Metopus sigmoides C. & L. ++ 

Metopides acuminata (?) Stokes + 
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Class—Infusoria 
Subclass—Ciliata—Continued 
Strombidium sp. (?). Resembles Conn No. 229 + 
Halteria grandinella O. F. Miill. +++ 
Stichotrica secunda Perty + 
Uroleptus dispar (?) Stokes ++ 
Uroleptus musculus (?) Ehrbg. + 
Oxytricha pellionella Miill. +++ 
Oxytricha bifaria Stokes ++ 
Stylonichia mytilis Ehrbg. +-++-+ 
Stylonichia pustulata Ehrbg. ++ 
Euplotes charon Miill. (Ehrbg.) ++ 
Euplotes carinata Stokes +- 
Aspidisca costata Duj. ++ 
Vorticella striata Duj. ++++ 
Vorticella citrina Ehrbg. +++ 
Vorticella putrina Miill. ++ 
Vorticella microstoma Ehrbg. +++ 
Vorticella globularia Miill. +--+ 


Soil algae and diatoms 


Protococcus viridis Ag. +++ 
Protococcus sp. (?) +++ 
Botryococcus sp. (?) + 
Tetraspora sp. (?) ++ 
Chrodcoccus cohoerens (?) Naeg. ++ 
Nostoc sp. (?) ++ 
Closterium sp. (?) ++ 
Cosmarium sp. (?) + 
Coelosphaerium sp. (?) + 
Ulothrix sp. (?) ++ 
Spirogyra sp. (?) + 


Diatoma vulgare ++ 

Navicula rhyncocephara (?) ++ 
Stauroneis sp. (?) + 

Cymbella sp. (?) ++ 

Nitzchia sp. (?) ++ 

Synedra sp. (?). + 


Discussion 


Contained in this list are 13 species of rhizopods, 4 heliozoa, 34 flagellates, 
51 ciliates; and in addition to the protozoa are 11 algae and 6 diatoms. It is 
thus seen that from a species standpoint, the cilates are most numerous, 
followed in order by the flagellates, rhizopods and heliozoa. In point of actual 
numbers in the soil, however, flagellates easily rank first, followed by the 
ciliates and rhizopods. The larger size of the ciliates tends to diminish 


‘the advantage which the flagellates have from the standpoint of numbers. 


Comparing these results with those obtained by Kofoid (17) in his study of 
the plankton of the Illinois, Spoon and Quiver rivers we find fair agreement. 
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In the Illinois river he found 30 rhizopods, 4 heliozoa, 62 mastigophora, 55 
ciliata and 5 suctoria. In the Spoon River he found 17 rhizopods, no heliozoa, 
38 mastigophora, 16 ciliata and 2 suctoria, while in the Quiver River the 
only organisms found were 13 rhizopods and 5 mastigophora. With respect 
to species relationship, then, the soilmicrofauna is not unlike that of fresh water. 
The main points of difference are in the absence from, or very limited presence 
in soil of such forms as the suctoria, rotifera and crustacea. It appears that 
they cannot withstand the desiccation and other unfavorable conditions 
which exist in soil. 

Compiling those species which have been classed as abundant or common 
in New Jersey soils we find that there are 17 ciliates, 6 flagellates, 1 rhizopod 
and 1 alga. Seven of the cilates, however, belong to two genera, namely 
colpoda and vorticella. As regards abundant species the ciliates are again 
first, with flagellates second. Only 6 species are classed as “very abundant.” 
These are naegleria gruberi, monas termo, cercemonas crassicauda, enchelys 
farcimen, colpoda cucullus and vorticella striata. Several other genera, such 
as the bodos, monas, halteria, colpidium and stylonichia were almost as 
common. 

Of course, a considerable number of organisms were encountered which 
could not be even tentatively identified. Several fairly common ciliates and 
flagellates fall into this class. Some are undoubtedly new species and some 
may even have to be given new generic names. The soil protozoa would 
furnish the systematist with rich material for investigational work. 

The algae and diatoms were not thoroughly studied but are mentioned in 
this connection mainly because of their close relationship. The algae belong 
mainly to the coccus forms although a few filamentous genera were found. 
In order to cultivate the algae in soil, the latter was mixed with quartz sand 
in a flask, saturated with a weak soil extract and left in the sunlight for 
several months. Under these conditions the algae present will form a mat 
on the surface of the soil-sand mixture. Soil algae may be of importance in 
soil fertility by furnishing energy material for the growth of certain beneficial 
soil bacteria such as the azotobacter. By virtue of the ability of algae to 
manufacture chlorophyll in the presence of sunlight and of the ability of 
azotobacter to fix atmospheric nitrogen, a mutual beneficial association of 
these two organisms might result. Beijerinck, in Holland, has shown that 
such an association actually does take place in the soil; the algae furnishing 
the necessary carbohydrate and the bacteria, the nitrogenous matter. D. A. 
Coleman, in unpublished data, has found that nostoc incubated in flasks in 
the sunlight with several mixtures of azotobacter does not furnish appreciable 
energy-material for the fixation of atmospheric nitrogen. Of course, in the 
field conditions may be such that appreciable fixation takes place. 

To throw some light upon the question of the similarity of the microfauna 
of the soil and that of neighboring ditches, pools and ponds, many samples 
taken from the latter sources were studied. In general, the fauna was much 
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more varied in character than that of the soil. Rotifers, crustaceans, diatoms, 
suctoria, sponges and certain colonial protozoa were to be found in the fresh- 
water ponds and streams and not in the soil. In both soil and water, nema- 
todes and larvae of insects were often encountered. However, nearly all 
species which were found in soil in New Jersey have been also identified from 
fresh-water sources either in New York or in New Jersey. Their relative 
abundance, however, is not necessarily the same in soil and water; in fact it 
is to be noted that some very common plankton organisms were never found 
in the soil, and vice versa, some of the common soil protozoa are not often 
found in fresh-water. The work of Stokes (33) in New Jersey and other 
states, Conn (4) in Connecticut, Edmondson (7) in Iowa, and Kofoid (17) 
in Illinois, on the fresh-water species of protozoa, shows that the same organ- 
isms are present in nearly every locality but not in the same relative abun- 
dance. This apparently is true also in the case of soils. 

It was plainly noticeable that many of the terrestrial protozoa and algae 
often differed materially in size, color and in some other characteristics from 
the same organism taken from fresh or slightly brackish water. Sometimesa 
sheath or membrane was absent, a green form would be colorless and so-called 
“social species” would be “solitary” in the soil. That environment has 
brought about these changes seems evident. This observation also materially 
strengthens the conjecture that there is a fairly definite soil microfauna and 
that the protozoa lead a trophic existence whenever soil moisture becomes 
excessive. Such a condition takes place after heavy rains, floods and in the 
spring when frozen soil is thawing out. 

The characteristic protozoa of the soil, then, are those simple, small, hardy 
forms which are capable by means of rapid encystation or otherwise, to with- 
stand successfully extremes of heat and cold, desiccation, aeration and such 
other inhibiting factors as are natural to their home in the soil. 


DISTRIBUTION OF PROTOZOA IN DIFFERENT SOILS 


Thirty-five soils were collected for a study of the distribution of protozoa 
in different soils. All but three of these were typical New Jersey soils and 
represented nearly every county in the state. The work of identification of 
species was naturally incomplete, for the reason that sufficient time could 
not be given to any one soil sample to insure getting every organism there. 
Two media were used—soil extract and horse-dung. One-hundred-gram por- 
tions of each soil were used in each of the two media. In this connection it 
should be stated that of five media tested out for soil protozoa, namely, blood- 
meal extract, 1 per cent beef broth, hay infusion, soil extract (heated in an 
autoclave), and horse-dung infusion, the latter two were found to be best suited 
to our work. The main difficulty with the others was that bacterial growth 
was so heavy as to prevent the development of the protozoa; the solutions 
often becoming putrescent. The flasks were examined daily for two weeks, 
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TABLE 1 


soils 


SOILS = < S S g = - 
g < s g g < | 28 
Ss] 2} a|2] 2] 2 | és 
1A. Middlesex County................ 8 8 1 0 1 1 17 
3A. Middlesex County................ 8 16 3 1 0 0 28 
5A. Middlesex County................]| 4 10 6 0 0 1 20 
6A. Middlesex County................] 6 10 2 0 0 0 18 
7A. Middlesex County................ 3 5 1 0 2 1 9 
RA; Biiddlesex County................] 21 13 0 1 0 3 25 
ASS SE OS es ee eee eta 3 7 2 0 0 0 12 
Burtmneton GOunty ....e.65 senses 6 2 2 0 0 0 10 
Monmouth County................... 9 7 2 1 0 0 19 
Cumberland County.................. 7 6 0 0 0 1 13 
gO | ee ee a er 6 11 3 3 1 2 23 
Pee Ry ASOURRY.. ..o5.5 oss oe ssisie e's 1 1 0 0 0 0 2 
CS OS a ere 3 2 0 0 0 0 6 
oO ee Oe to: 2 1 1 0 0 0 + 
NC ee eee 6 5 0 0 0 0 11 
SRNR occ csinncswhias es ouials 1 2 1 0 0 0 4 
EO aa a 1 4 0 0 0 0 5 
PE RON. ore aso bse abies wdchs 6 5 0 0 0 0 11 
oe ee 6 5 1 0 0 0 12 
PRP AOE 5. 5. omc beancaskseaswa'e 7 1 1 0 1 0 9 
PPM MMNTIN 5 wise Sik tas wisi s ekivinw oie 2 3 1 0 0 1 6 
CO ere = 2 0 0 1 0 6 
PEND BONN 6s 6 ce oS sweiwews ease 10 5 3 1 0 2 19 
1. Middlesex Gounty............050.5- 2 5 1 0 0 0 8 
2. Pisddlesex Gounty |... 0.606. se0ses 1 0 1 0 0 0 2 
3. Middlesex County... .......0...5- Zz Z 0 1 0 0 5 
4. Middlesex County................ 2 5 1 0 1 i 8 
S.. Misddiesex County... . 2... .5.22000- 4 13 1 1 0 2 19 
6. Middlesex County................ 8 5 1 0 0 0 14 
fe OC rr 4 7 0 0 0 0 11 
8. Middlesex County................ 8 8 2 0 1 0 18 
9. Middlesex County................ Z 4 0 0 0 0 6 
10. Middlesex County................ 4 3 1 1 3 0 9 
Cc | re 3 3 0 0 0 0 6 
ODMIEMAD {HITE ENOL)... 66.0. 00sec vss 1 3 0 0 0 0 4 
Le (OO I en eee ae: 2 1 2 0 0 0 5 
Totals (New Jersey soils only)*...... 157 | 184 38 10 ad 15 | 389 
Average number of species per soil | 5 6 Less | Less | Less | 12 
than 1)than i/than 1 


(nearest integer) | 


* Algae and diatoms not included in totals. 
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then semi-weekly for two weeks more. This series of samples was examined 
for evidence of living protozoa but with negative results. In some cases, 
however, the samples had partly dried out by the time they arrived at the 
laboratory, and had there been any free living organisms in the fresh soil they 
might have encysted again. 


Discussion 


The results given in table 1 indicate that protozoa are present in some 
form or other in all the soils examined. The largest number of species iden- 
tified from any one soil was 28, this large number being obtained from a 
fertile but heavy clay of the Penn series. The smallest number of species 
found in any soil was 2, in both an acid virgin forest soil from Middlesex 
County and a coarse sandy soil from Cape May County. In general it 
seemed to make but little difference where the samples of soil were obtained 
—a fair number of organisms were always secured. Certain species, however, 
appeared only in certain soils, for example dileptus gigas and uroleptus mus- 
culus were found only in Sussex County soils, ewglena acus, in a rich black 
forest soil of Middlesex County, and difflugia pyriformis as well as vam- 
pyrella lateritia were identified from but one locality in Middlesex County. 
Similar observations have been made regarding the distribution of certain 
fresh-water organisms. In certain pools one may always find certain species, 
yet again he can search for days in other localities and not encounter them. 
This unique circumstance regarding distribution of species in fresh water 
apparently holds also in the case of the soil microfauna. 


RELATION OF PROTOZOA TO SOIL TYPE, SOIL BACTERIA AND MOLDS 


This relation was studied only in a very incomplete manner, but as some 
facts of interest were indicated by the work, it is here reported. It was 
generally observed that the soils apparently in a high state of fertility prac- 
tically always showed the presence of more species and numbers of organisms 
than did the less fertile soils. To test out this observation further the 
following data are offered. More direct evidence is required, however, before 
the question can be definitely decided. 

The data contained in table 2 show that of the soils studied, those in a high 
state of fertility harbored the greatest number of protozoa as well as the 
greatest number of species. The same is also true regarding the number of 
bacteria present. Molds do not apparently follow this general rule for nearly 
as many were noted in an acid soil under sod as in a virgin forest soil. The 
acid soil had received large amounts of ammonium sulfate annually for some 
years previous. The forest soil was also acid. The other soils tested were 
either only very slightly acid or neutral in reaction. Field conditions seem 
to show that the same relation holds between numbers of protozoa and 
bacteria in the soil as well as in the culture flask. In other words, where 
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there are the greatest numbers of bacteria, there also do we find the greatest 
number of protozoan cells and species. . Such a statement must be broadly 
interpreted, as it is reasonable to suppose that there are many instances 
where this relation does not hold. For example, very wet soils may be very 
low in numbers of bacteria but still contain many protozoa, also where bac- 
terial putrefaction is taking place and large numbers of bacteria are present, 
protozoa may be almost entirely inhibited. Such a condition is often ob- 
served in culture flasks containing blood meal or beef extract. In many 
cases, however, a high bacteria count and high protozoa count (or at least a 
large number of species) go together. This might be explained by supposing 
that during the periods of their activity in the soil the protozoa find great 
quantities of food and are thus able to propagate rapidly while conditions 
are favorable. As the soil dries out they go into encystment again. This 
seems to be the logical explanation of the facts, especially since Goodey (10) 
and others have shown that encystation and excystation can take place in 
a few hours under suitable conditions. 


TABLE 2 
f NUMBER OF 
SOURCE OF SOIL SAMPLES pnorozoa per | pacTenia PER | MoLDs eR [SPECIES OF PRO- 

GRAM GRAM GRAM IN SAMPLE 
Cultivated rich garden soil........ 3500 5,300,000 125,000 26 
Alfalia sod (Gch)... .........62.- 4500 5,000,000 90,000 23 
Cultivated orchard (poor)........ 1000 4,850,000 85,000 9 
Very acid soil (sod).............. Very few 960,000 138,000 4 
oN TO er ee 55 1,500,000 110,000 3 


* The data in this column were obtained from Dr. S. A. Waksman. 


IS THERE A TRUE SOIL MICROFAUNA? 


If we consider this question in the light that the soil protozoa are distinct 
and different species altogether from the fresh-water forms, then we must 
say that there is none. But, on the other hand, if we mean by “true soil 
microfauna,” those organisms which are practically always present in the soil 
in considerable numbers and which use the soil as a medium in which to live 
and carry on their life processes, we must say that there is. It has been 
observed that just because an organism may be extremely abundant in fresh 
water it does not necessarily follow that it is also common in soil. The con- 
verse of this statement also is true. A striking example of this nature is in 
the case of paramoecium caudatum. This large easily identified protozoan is 
extremely abundant in fresh water, yet it is but rarely encountered in New 
Jersey soils. Naegleria gruberi, the commonest soil rhizopod found, is en- 
countered only occasionally in plankton studies. In general, we may say 
that a considerable number of species of protozoa are present in fairly large 
numbers in most soils. Certain species of algae also seem to be common in 
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soil; the most common form being the protococcus. As rotifera and the more 
complex plankton organisms, with the exception of nematodes, do not occur 
except very rarely in soils, they have little significance in this consideration. 


SUMMARY 


1. Protozoa were found in all the soils examined; the number of species 
identified from any one soil varying from 2 to 28. Poor sandy acid or forest 
soils contained the least number of species, while fertile soils, rich in organic 
matter or with high water-holding capacity, contained the greatest number. 

2. Of the 104 species identified from New Jersey soils, 51 were ciliates, 35 
were flagellates, 14 were rhizopods and 4 were heliozoa. In addition to the 
protozoa 10 genera of algae and 6 of diatoms were identified. Nematodes 
were common, but rotifers or crustaceans were not encountered. 

3. Of the species classed as being abundant in the soil, 17 were ciliates, 6 
were flagellates and 1 a rhizopod. The ciliates outnumber the flagellates in 
the number of species identified but mot in actual numbers of organisms in the 
soil. In point of numbers the rhizopods and heliozoa rank third and fourth, 
respectively. No suctoria were encountered. 

4. It is believed that in normal’ New Jersey soils protozoa exist mainly in 
a non-trophic state. Only two soils out of some hundred samples taken all 
over the state showed the presence of living protozoa on direct examination. 
In soils which are saturated with water for several hours, or in standing 
soil-water, field ditches and plough-furrows, limited numbers of protozoa may 
usually be found. Since their activity is very limited, especially at low 
temperatures, they can have but little importance from the standpoint of soil 
fertility under New Jersey conditions. 

5. The soil microfauna consists principally of those small, simple and hardy 
protozoa which are able to withstand by means of encystation or otherwise, 
such extremes of heat and cold, desiccation, aeration, etc., as are natural to 
their life in the soil. 

6. Practically all the species which were identified from the soil have also 
been found in the fresh-water lakes, ponds, pools and streams of the state, 
but not in the same relative abundance. Some species which are abundant in 
soil are rarely encountered in fresh water, and vice versa, several of the most 
common plankton organisms in the state are but rarely found in soil. 

7. A new theory to replace the old “egg and germ” theory of distribution 
of protozoa in soil is put forth as follows: 

Some protozoa undoubtedly are spread about by rain, winds, animals and 
other natural forces. It is not believed that these means are sufficient to 
account for the large number of organisms of many species found in all soils. 
Protozoa become active in soil whenever there is excessive moisture present 
for a period of several hours. Such conditions are common during prolonged 


3 Soils not containing moisture much in excess of the physical optimum. 
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rains especially in the rainy seasons, during winter and spring thaws, in soils 
kept moist from seepage and in poorly drained lands. Excystation takes 
place followed by a feeding period and consequent growth, then reproduction 
takes place. As conditions become unfavorable again, encystation begins or 
death occurs. Since all these processes may take place in the course of a few 
hours (but usually requiring 24 hours at least for appreciable reproduction to 
take place), the whole life cycle of many protozoa may be completed in the 
soil. 

In support of this contention it may be stated that there is apparently a 
fairly definite soil fauna which differs in several respects from the surrounding 
fresh-water fauna. Rich, fertile soils contain greater numbers of both bacteria 
and protozoa than poor or very acid soils. Since protozoa use the bacteria as 
food it seems reasonable that they would multiply more readily in places 
where there is plenty of food. Protozoa may be generally found in field ditches, 
plow furrows, in soil where there is standing water, and in soils wet from 
seepage, showing that they may lead a trophic existence in soil if conditions 
are suitable. It is absolutely unreasonable to conceive of the elements and 
other natural forces as being accountable for 5000 protozoa in practically 
every gram of soil in the state. 
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PLATE 1 


RHIZOPODA 


1. Hyalodiocus limax Duj. 30-80 yw (45), occasional; simple, hyaline with single 
pseudopodium. 

2a. Hyalodiscus (amoeba) guttula Duj. 10-25 4 (20); occasional; a very minute rhizopod; 
usually club-shaped; endoplasm clear with few large granules. 

‘2b. Same, with pseudopodium extended. 

3. Amoeba proteus Ehrbg. 70-250 yu (150); occasional; a large many-lobed organism. 

4a. Naegleria (amoeba) gruberi, Schardinger (Wilson). 15-40 yw (25); trophozoite; very 
abundant; drawing shows nuclear change taking place. 

4b. Same; one pseudopod extended while the other is retracted. 

4c. Same; flagellated stage 15-30 uw (20); this stage found only occasionally in cultures 
but often on exposed microscopic slides. 

5a. Amoeba radiosa Ehrbg. Body 15-35 yu (18); occasional; this is usual form. 

5b. Same; radial spikes having changed into pseudopodia. 

6. Arcella vulgaris Ehrbg. 50-90 (70); occasional; top-view showing delicate finger- 
like pseudopodia beneath the shell. 

7. Mastigamoeba F. E. Sch. sp.? 15-35 pw (30); occasional; short, blunt, unbranched 
pseudopodia. Usually classed with the Mastigophora on account of the flagellum. A varia- 
ble genus. 

8. Difflugia pyriformis Perty. 40-200 » (90); occasional; slender, delicate pseudopodia 
extending from beneath the silicious shell. 

9. Microgromia socialis Arch. Rare. Individuals vary in size from 8-14 yu (12); 
a colonial form; pseudopodia not anastomosing in some specimens. 

10. Actinophrys sol Ehrbg. 50-100 » (70); occasional; specimen much vacuolated; one 
of the commonest Heliozoa found in the soil. 

11. Diplophrys archeri Bark. 20-35 w (25); rare, showing several contractile vacuoles 
and oil globules. 
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RHIZOP ODA AND HELIOZOA 


PLATE 2 


MASTIGOPHORA (FLAGELLATES) 


1. Monas termo Ehrbg. (Martin); 5-10 » (7); very abundant; usual shape globular to ovoid. 

1a. Same; ovoid form of this species; body somewhat changeable in shape. 

1b. Same; showing this organism with 2 flagella ready to divide. 

2. Monas guttula Ehrbg. 7-15 y» (12); abundant; posterior nucleus and posterior vacuole. 

2a. Same; semi-amoeboid form showing 2 dissimilar flagella. 

3. Monas vivipara Ehrbg. (Stein); 12-25 uw (17); sometimes attached at base; occasional. 

3a. Same; showing a common amoeboid form; nucleus visible with reagents. 

4. Oikomonas mutabilis S. K. (Kent); 7-15 » (10); abundant; sometimes attached at base. 

4a. Same; showing a specimen with distorted body and single flagellum. 

5. Cercemonas crassicauda Duj. 10-25 p (18); very abundant; shape variable. 

5a. Same; semi-amoeboid form; flagella sometimes appear as simply body prolongations. 

6. Physomonas elongata Stokes. 7-15 u (9); occasional; body usually twice as long as broad. 

6a. Same; showing changeable shape; sometimes attached by a posterior pedicel. 

7. Pleuromonas jaculans Perty. 5-11 u (8); occasional; kidney-shaped to spherical. 

7a. Same; showing a more spherical form attached by posterior flagella; nucleus, anterior. 

8. Mallomonas, Perty,sp.Edm.? 12-28 » (18); rare; body covered with rigid hairs or setae. 

9. Phyllomitis amylophagus Klebs (?), Conn. 10-22 yu (16); occasional; one flagellum 
often trailing. 

9a. Same; a smaller form with a more flexible body. 

10. Bodo ovatus Duj. Average size 14 » x 8 w; abundant; one flagellum trailing while the 
other is used as a propulsive whip anteriorly. 

11. Bodo globosus Stein. 8-12 » (9); abundant; almost spherical in form. 

12. Bodo, Ehrbg. sp. (?); Heteromita (Stokes). 10-14 w (11); occasional; an oblique, 
longitudinally ridged specimen. 

13. Cryptomonas ovaia Ehrbg. 20-250 » (30); occasional; specimen shows green 
chlorophyll bands encircling the body. 

14. Chlamydomonas, Ehrbg. sp. (?). 12-30 u (20); occasional; endoplasm green; single 
eyespot. 

15. Trachelomonas volvocina Ehrbg. 25-50 u (35); occasional; color usually brown; some- 
times without neck-like projection. 

16. Cryptoglena pigra Ehrbg. 10-20 uw (13); occasional; 2 pigment bands and single 
eyespot. 

17. Chilomonas paramecium Ehrbg. (Stokes); 20-40 u (28); occasional; vacuole located 
anteriorally; dark colored corpuscles scattered in the endoplasm. 

18. Monosiga ovata S. K. 10-15 uw (12); rare; solitary; often attached to debris. 

19. Hexamitus inflatus Duj. 12-22 yw (15); rare; 4 vibratile anterior and 2 posterior 
trailing flagella. 

20. Phacus pyrum Ehrbg. 15-50 uw (25); occasional; color greenish; eyespot; body 
obliquely grooved. 

21. Euglena viridis Ehrbg. 18-60 uw (30); occasional; body usually green; red eyespot; 
body shape variable; organism senstive to stimuli. 

22. Paranema trichophora Ehrbg. 50-120 yu (90); occasional; body very flexible; nucleus 
central. 

23. Heteronema acus Ehrbg. (Stein). 35-80 w (50); occasional; body plastic; longer 
flagellum trailing. 

24. Astasia trichophora Ehrbg. (?) 30-60 uw (45); occasional; body plastic; endoplasm 
is transparent; no eyespot present. 

24a. Same; showing a commonly observed distortion. 

25. Tetramitus variabilis Stokes. 10-20 wu (16); rare; 4subequal flagella; body obovate 
plastic and variable in shape. 

26. Euglena acus Ehrbg. 40-100 » (70); occasional; body very elongate; greenish in 
color; posterior end pointed; nucleus central; eyespot present. 
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MASTIGOPHORA. 
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PLATE 3 


CILIATA 


1. Holophrya, sp. (?) Conn. 30-50 u (38); a variable genus of many species several of 
which are common in the soil. 

2. Urotricha, C. & L. sp. Edm. fig. no. 91. 35-50 yu (40); occasional; shows posterior 
springing hair and lip-like extensions of apical oral aperture. 

3. Enchelys farcimen Ehrbg. 30-60 u (40); very abundant; this is one of several similar 
organisms referred to this genus. 

4. Lionotus fasciola Ehrbg. 90-120» (110); occasional; 2 spherical nuclei; oral aperture 
located ventrally but usually not visible. 

5. Prorodon teres (?), Ehrbg. 60-150 u (75); occasional; oral opening terminal; nucleus 
central; the usually described species is larger than this one. 

6. Dilepius gigas C. & L. 200-700 uw (400); occasional; body elongate with narrow, 
flexible neck-like extension anteriorally; nucleus moniliform; contractile vacuoles numerous. 

7. Chilidon cucullulus Mill. 70-150 u (110); occasional; oral aperture located in central 
part of body; contractile vesicles numerous. 

8. Trichoda pura Ehrbg. 30-45 y» (35); occasional; endoplasm very transparent showing 
central oval nucleus; movements very rapid. 

9. Glaucoma scintillans Ehrbg. 40-100 uw (55); common; oral aperture near anterior 
extremity with small vibrating membrane; movements very rapid. 

10 Loxophyllum flexilis Stokes. 70-150 w (115); rare; nucleus moniliform; body an- 
teriorly pointed. 

11. Uronema marina Duj. 22-40 » (30); occasional; body ovate with a single posterior 
seta; oral aperture ventral with small membrane. 

12. Colpidium striatum Stokes. 45-75 u (60); abundant; nucleus central; a posterior con- 
tractile vacuole; pharynx ventral with small undulating membrane. 

13. Colpoda cucullus Stein. 30-50 yw (35); extremely abundant; nucleus central; con- 
tractile vacuole posteriorly located; distinct groove ventrally. 

14. Colpoda saprophila Stokes. 25-40 uw (30); abundant; ventral border anteriorly 
notched; recurved pharnyx very conspicuous; wide ventral groove. (This species is desig- 
nated as “Tillina saprophila” by Stokes.) 

15. Metopus sigmoides Clap. & Lach. 90-160 » (120); occasional; body very contractile; 
contractile vacuole terminal; several long terminal setae. 

16. Paramoecium trichium Stokes. 65-100 u (85); rare; broad oral groove; double con- 
tractile vacuole at anterior extremity; nucleus ovai and centrally located. 

17. Blepharisma (A pgaria) ovata (?) Stokes. 80-150 uw (100); rare; body much flattened; 
anterior end acute; membrane covering lower part of peristome sometimes visible. 

18. Cyclidium glaucoma Ehrbg. 18-30 uw (22); very abundant; body covered with long 
rigid cilia; hood-like membrane covers oral aperture; movements are darting and eccentric 
in nature. 

19. Pleuronema chrysalis Ehrbg. (Stein). 30-70 u (45); occasional; body curved; a promi- 
nent undulating membrane extends from large the furrow-like peristome. 
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PLATE 4 


Cri1ata (CONTINUED) 


1. Halteria grandinella O. F. Mill. 25-35 uw (30); common; setae fine and long; move- 
ments springing and erratic. 

2. Strombidium, Clap. & Lach. sp. Conn (?). 30-60 uw (40); rare; like halteria but has 
no bristles; movements very rapid and erratic. 

3. Oxytrichia pelionella Mill. 70-100 u (80); common; 2 oval nuclei; 2 anterior and 5 
anal styles. 

4. Uroleptus dispar (?) Stokes. 125-200 uw (150); occasional; body elongate, oblan- - 
ceolate and elastic; double ovate nucleus; 3 frontal and no posterior styles. 

5. Stylonichia mytilis Ehrbg. 100-200 uw (135); common; (ventral view); 8 frontal, 5 
ventral and 5 anal styles and 3 posteriorly placed setae. 

6. Euplotes charon Mill. Ehrbg. 70-100 » (80); occasional; (dorsal view); 7 frontal 
and 3 ventral styles; nucleus ribbon-like. 

7. Aspidisca costata Duj. 30-50 » (35); occasional; nucleus curved and ribbon-like. 

8. Vorticella striata Duj. 35-45 w (40); common in soil as are many other species of 
vorticella; striae prominent. 


SOIL ALGAE AND DIATOMS 


9. Protococcus viridis Ag. 3-20 4; common; color green to red; cells single or in small 
clusters. 

10. Closterium sp. (?). 75 w; occasional; color green. 

11. Nostoc sp. (?) Cell diam. 4-6 y; diam. of heterocysts and spores 8-10 y; occasional; 
filaments bluish green in color and enclosed in a gelatinous sheath. 

12. Ulothrix, sp. (?) Cell diam. 6-10 y; rare; filaments simple and articulate; cell con- 
tents green and cell membrane thin. 

13. Botryococcus sp. (?) 7-14 w diam.; occasional; cells oval to spherical with thin con- 
fluent tegument; masses of cells densely packed forming a botryoid; color light green. 

14. Tetraspora sp. (?) Cell diam. 4-10 y; occasional; cells angular to spherical; usually 
arranged in tetrads; gelatinous sheath sometimes present. 

15. Chrotcoccus cohoerens (?) Naeg.; 3-6 u diam.; occasional; solitary or in small 
groups; gelatinous sheath usually present. 

16. Navicula rhyncocephara (?) 40 y; occasional; valves symmetrical and boat shaped; 
raphé straight with conspicuous medial nodule. 

17. Stauroneis, sp. (?) 45 u; occasional; valves symmetrical; there is a clear area along 
the raphé which also extends up transversely from the medial nodule giving the appearance 
of a cross. 

18. Diatoma vulgare (girdle view); 45 u; rare; frustules attached by their angles forming 
zigzag chains; values elliptical-lanceolate and lined with fine striae; there is a longitudinal 
pseudo-raphé, 
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THE REACTION OF THE SOIL AS INFLUENCED BY THE 
DECOMPOSITION OF GREEN MANURES! 
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INTRODUCTION 


A common idea associated with the practice of green manuring is that the 
soil tends to grow more acid. This idea is a result, perhaps, of the ancient 
and still existing controversy relative to the existence of the so-called humic 
acids, and to a belief that these acids result from a decomposition of organic 
residues from green manures or other sources. 

Temple (14) has raised the question as to what the effect of green manures 
is on soil acidity. From ius work on nitrification after the addition of large 
amounts of organic acids, he concludes that injury due to the accumulation of 
organic acids in arable soils is very doubtful. 

Hall (6) cited work at Rothamsted to show that the per cent of calcium in 
the first 9 inches of soil decreased where an annual application of 14 tons of 
manure per acre had been made. 

Bear and Salter (2) showed that the lime requirement of manure plats 
became less than that of the check plats. 

Hill (8) cited work of Laurent indicating that the harmful effects of green 
manure result from an accumulation of organic acids. ; 

Ames and Schollenberger (1) have shown by pot experiments, conducted 
with soil taken from an uncultivated field, that the application of legumes and 
non-legumes in either dry or green state, has decreased the lime requirement as 
indicated by the Hopkins method. The dry application was more effective 
than the green. 

White (15) found that when green manures and soil were kept in jars the 
lime requirements were less than with the soil alone at the end of the first 
fortnight, and more at the end of the second fortnight. 

This brief review of the literature serves to indicate that the quantitative 
evidence for or against this question is very limited. 

At the Rhode Island station there are plats, which, by their similarity of 
treatment in the past, offer opportunity for such a study and it is the purpose 
of this paper to present such information as has been secured. 


1 Contribution 265 from the Agricultural Experiment Station of the Rhode Island State 
College. 
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HISTORY OF THE FIELD EXPERIMENT 


On an acre of land, corn has been grown continuously since 1894 with uni- 
form applications of only chemical manures as a source of plant-food. After 
a few years the plan of the experiment was modified so that a comparison be- 
tween a legume and a non-legume, as a means of maintaining the soil humus, 
might be made. At the time of the last cultivation of the corn, each season, 
one-quarter was for years usually sown with crimson clover, while another 
quarter was sown to rye. The intermediate quarter served as a check plat. 
This practice was followed unchanged until recent years when the legume 
seeding was modified to include other legumes beside the crimson clover. 
Lime was added in 1899 at the rate of one ton of slaked lime, in 1911 at the 
rate of 1500 pounds of calcium oxide in slaked lime, and in 1914 at the rate of 
1 ton of ground limestone (7). 


FACTORS INFLUENCING THE REACTION 


In the following paragraphs are considered the factors which operate on 
the various plats to influence the reaction of the soil. 

A. The removal of soluble bases and acids by leaching. This depends mainly 
upon seasonal conditions. The leaching from the check plat may serve as an 
index of the magnitude of this factor, except as influenced by the cover crops. 

B. The removal of acids and bases by cropping. The sizes of the crops removed 
during the first years of the experiment were not markedly different. The 
difference has become accentuated in later years. 

The following statement shows the amounts of corn and stover removed 
from a quarter acre from 1897 to 1914: 


| | 
| LEGUME PLAT CHECK PLAT RYE PLAT 


| | | 
Ear corn (bushels)..............2.0000eeeeee. | 210.1 153.9 | 163.5 
Stover (tons).............. ene iee oxen | 8.02 6.61 7.32 


We may well ask the question as to the amounts of acids and bases removed 
by cropping, and what the variation has been in the various plats. The cal- 
culations are based upon the following estimated analysis of field-cured corn: 


| EAR CORN | CORN STOVER 

| per cent per cent 
PMI Re cote ACESS cana hi ci ston ails wid nous aw tewiala 14 0.8 
SIMEON 5 boo cin cso nda eh aN eaaieas wWoenee ess wee 0.6 0.4 
MINES eS Soy INS cis atid a's oan base or Peon 0.3 0.2 
ES Cee Oe ee Pore ai AA ae Ty 0.1 0:5 
a TS ee ee 0.4 ss 
MITER MET Non or ae ewe Bt ic uc uciaistvioa amos ete 0.2 0.5 
Magnesium oxide.......... Le ee Cee eee eee 0.2 0.3 
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The acids are calculated from the nitrogen, phosphorus, sulfur and chlorine 
removed, and the bases from the potassium, calcium and magnesium. These 
are the most important elements in a consideration of the acids and bases. 
It is assumed that the nitrogen entered the plant from the soil fully oxidized, 
and that each atom of phosphorus was equivalent to an atom of calcium. 
Silicon is omitted because its reaction is so mild. The calculations show that 
an excess of acidic over basic ions was removed. The relation is brought out 


by the following: 


Removal by corn, equivalent to pounds of calcium oxide 


EXCESS ACIDS 
ACIDS REMOVED | BASES REMOVED OVER BASES 
REMOVED 
1 bushel ear corn (70 pounds).................- 2.075 0.502 1.573 
PGRISIONOE ciety et cae eines dO ieee 49 .04 33.82 15°22 
Total excess acids over bases removed per quarter acre, 1897 to 1914 
LEGUME PLAT CHECK PLAT RYE PLAT 
Wa POT CORI a 25-5 oy cs foto saeds aes eels Sea io oes A 331 242 257 
SUS A Ie ARIE ey eR Pe ea a 122 101 111 
PRLS Mote oP Say Wa tartahr ds doy Siar sves ie es es ee SEE 453 343 368 


These figures serve to indicate the amounts of soluble salts which were re- 
moved, and the relation of acids to bases. The difference between the check 
and other plats tends toward a conservation of soil bases and in reality, a re- 
duction in the acidity. The reduction due to this consideration should be 
more marked on the legume area. 

C. Addition of fertilizers. The addition has been the same on the three 
areas, except that beginning with 1915 the legume plat has received a smaller 
amount of nitrogen. 

D. Decomposition of organic matter. Any difference in the plats may be 
attributed to this factor; that is, the fluctuations in the reaction on a given 
plat will be the resultant of the factors (A + B+ C + D) which are being 
considered; A, B and C being factors operating about the same on the different 
plats while the factor D, due to the decomposition of organic matter, is the 
variable on which differences in the reaction of the legume and rye plats may 
be conceived to depend. 


PLAN OF THE PRESENT EXPERIMENT 


The plan as followed consisted in sampling the soils at various periods dur- 
ing the season to follow changes in acidity, and likewise in organic matter. 
It also seemed desirable to supplement the changes in the field with those which 
would occur in the laboratory. 
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Soil samples and treatment. ‘Twelve borings 12 inches deep were taken from 
each plat with a soil sampler made of 2-inch pipe. The samples were brought 
to the laboratory and weighed, partially air-dried, mixed, sub-sampled and 
passed through a 2-mm. sieve. The determinations were made immediately 
on the partially air-dried soil. Moisture determinations were made and all 
analyses recorded on dry soil finer than 2 mm. Some of the soil was dried 
more thoroughly, and stored in sealed jars for work done subsequently. 

Loss on ignition. The soil was dried at 100°C. for 24 hours and then ig- 
nited to constant weight. This loss on ignition includes, besides organic matter, 
especially water of hydration. It is believed, however, that on these soils 
the differences are largely attributable to the organic matter. 

Reaction of the soil. (a) As indicated by lime-requirement methods. Dur- 
ing the season of 1915 the MacIntire (13) and Jones (11) methods were used. 
In 1916 the ammonia method was used. Later the requirements of the stored 
samples were determined also by the ammonia method (10). (b) As measured 
by the concentration of hydrogen ions. In this work the colorimetric pro- 
cedure of Gillespie was followed, using the sulfon ephthalein indicators (5) and 
phthalate buffer solutions of Lubs and Clark (3). These determinations were 
made only on the stored soil samples. 


WORK ON THE FRESH SAMPLES TAKEN IN THE FIELD IN 1915 


At the time of plowing for the corn in the spring of 1915 (May 18), the 
legume plat was well covered with vetch but the crimson clover was almost 
entirely winter-killed; the non-legume plat was well covered with rye. The 
average height of the rye at the date of plowing was 3 feet. The weight 
of the green crop from 1 square yard was 3.7 pounds of the legume and 1.3 
pounds of the rye. 

Soil samples were taken at frequent intervals from the date of plowing, and 
the lime requirements measured by the Jones and MacIntire methods. The 
fluctuations as indicated by these methods are recorded in table 1. 

In table 1 it is seen that with the MacIntire method the requirement of 
the check plat increases slightly around the first of August and then dimin- 
ishes so that the initial and final acidities are not very different. On the rye 
area the same mid-season increase takes place but the decrease in the latter 
part of the season is more marked and finally becomes quite decided. In oppo- 
sition to the other two plats, the legume plat shows a decrease on August 13. 
This was followed by an increase so that the determinations compare fairly 
well in the fall with those recorded early in the season. 

The Jones method detected only a slight variation, from which no positive 
statements are justified. 

It has been shown in a former publication (9) that under closely regulated 
conditions the MacIntire method, as modified, would yield requirements in 
which the probable error of a given determination was 62.6 pounds CaO per 
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2,000,000 pounds of soil. With the Jones method, duplicate requirements 
varied from each other by 150 pounds CaO per 2,000,000 pounds of soil. By 
the ammonia method a number of determinations showed that the probable 
error could be reduced to 90 pounds of CaO per 2,000,000 pounds of soil. 

The error in sampling the soil is shown by the fact that the range in the 
requirement of five samples taken from the legume plat on September 21, 
1915, as measured by the MacIntire method, was 22 pounds CaO per 2,000,000 
pounds of soil or well within the limits of error of the method itself. 


TABLE 1 
CaO requirement per 3,000,000 pounds soil finer than 2 mm. 
MACINTIRE METHOD ; JONES METHOD 
DATE OF SAMPLING 
Check Rye Legume Check Rye Legume 
1915 lbs. lbs. lbs. lbs. lbs. lbs. 

Wine eS eee cA he eeeedee sn coe 3276 3092 4175 1263 1620 
TOAD oan seuss es ais oe 3276 4242 1350 1738 
NONE cs Baa ucew ae viansces 3335 3966 1296 1350 1620 
| VTS: OA een tee norm 3393 3066 4301 1188 1361 1512 
CLUS (Gi ee een 3150 3528 4536 1296 1296 1944 
MMS ONG sities aa sietnterenare ths aie 3486 2889 4578 
SUMED BS les ka slo veriiete are onesie 3612 3864 3270 
PRIGUSE ON ois see 4 vis based s bas 3237 2721 3723 
SO CSU TC Col i Ieee eee eer 3360 1981 4253 
DEDUCED 24 os circ 4 Sienee.s «a 4 chore 4091 


WORK ON THE FRESH SAMPLES TAKEN IN THE FIELD IN 1916 


The crops on the legume plat were largely winter-killed; the alfalfa and sweet 
clover of the mixture were alive but had produced only a small growth. Fluc- 
tuations occurring on this plat, therefore, depended largely upon organic resi- 
dues which had accumulated during the previous 20 years. 

The non-legume plat was well covered with rye but the size of the crop was 
below normal. The average height was 2 feet. The green weight of rye, cut 
from 1 square yard just before plowing on May 18, was 1.4 pounds. 

It was noticed in 1916 during the process of sampling that although the 
check and rye areas appeared quite similar and uniform, more variations ex- 
isted on the legume plat. This plat slopes gently to the north and the varia- 
tion in depth of surface soil is from 6.5 inches on the south to 9 inches on the 
north. The average depth of the surface soil of the three sections was: 


inches 

RONAN 5 oo 5 oa a yahis cis fas Sou Sunn vera a wn rwaseiere isnot as eyire Tel oioiere wise javavektivligss ler eatmoiele 6.0 
EE RS RCE er RR Ar SEL RCC PCT RR Nee EPC r TENET SCT OREO (ies 
MORAINE CSc N Es cata 9a ae ga oy a fslaai lasator a aro oooiols eas aictalie svaleiw aise racete laters vol¥ a oicte ca piers 7.0 

The weight of 1 cubic foot of soil, on May 9, 1916, was: 

pounds 

Ra scr as asa eae nna 5 sata iss Sa a a) asa wea so aon Aas diabetes dus loisisilorgzaveetusl aetna 103.0 
a oe alah tients dials 105.4 
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The weight of 15 borings, 12 inches deep (as sampled) was: 


DATE OF SAMPLING CHECK RYE LEGUME 

1916 lbs. lbs. lbs. 
BE a ue oe 31.0 29.5 28.0 
EET ile tee OO ee Re 30.5 29.5 27.8 
aN apa: Cela dial nndas ate 31.0 29.0 29.0* 
FE a Sa Rin cis coun gies 27.5 26.8 26.0 


* 22.5 per cent moisture. 


Table 3 shows during the field experiment an increase, or less decrease, in 
organic matter due to the cover crops, and that the tendency was toward a 
progressive decrease in organic matter from the date of plowing to the end of 
the season. If the averages are accepted as a criterion, it may be said that 
during the field experiment, the rye cover crops had increased the per cent of 
organic matter in the soil by 0.17, and the legume cover crops by 0.70. 


TABLE 2 


Variation in the per cent of soil finer than 2 mm. 


DATE OF SAMPLING CHECK RYE LEGUME 

1916 per cent percent per cent 
MEAD ie ier oi aE mich h aeabewaneseeee mee 92.4 92.9 92.5 
RMR osha hou eimieins bed ee wane ee ae 96.0 96.5 95.9 
ONE A ie a sae wine ico ubisldeelba mins eure 92.5 96.0 94.1 
UMN itor Gh aol even eb swe ioe ee ooune 93.1 96.9 96.7 
DEB RBG ie Sanh Ar ky eue seme anaes bie 03.3 95.9 95.2 
NM ee ecg nk a oan wie eu ee Mix ive ase iae 93.2 95.1 96.7 
EE NS Ss hn Lh auu es cee tare eeeiae 92.8 94.1 97.1 
MSMR cee nt iba en aa aneeum sous nas 94.2 95.6 97.1 

TABLE 3 
Differences in organic matter as indicated by the per cent of loss on ignition 

DATE OF SAMPLING CHECK RYE LEGUME 

1916 percent percent per cent 
RUN Ra acs wien eg wiainie a Fe oO E 4.31 4.52 S20 
ERE Chae aia pianist uaae nen ee 4.46 4.56 5.04 
oo ESS Se er 4.42 4.62 5.20 
EMI e551 FAC as ne bw eu sleee Fae 6 Uw ae oe ats 4.37 4.64 5.00 
DE Es G5 85s vere ies oon Sim ace ead ES OTR 4.40 4.57 5.02 
OTERO sk a LE wie on iiss wie einen vo BE 4.43 4.53 5.10 
PS a Se en er eee re 4.33 4.49 4.95 
MEM eh ae tase hippie Gack pete 6 oe oe 4.25 4.42 4.97 
Pe eis oi ciotetes Sorte wis seat 4.37 4.54 5.07 
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TABLE 4 
Fluctuations in the acidity of the field samples soon after sampling, as determined by the ammonia 
method 
REQUIREMENTS OF CaO PER 3,000,000 pounpDs 
DATE OF SAMPLING or 
Check plat Rye plat Legume plat 
1916 lbs. lbs. lbs. 

MA TAPUNOM SD ores 5.5ia2s <1 5.Gi eis 'o a14:0!sia:o 015) als 0-010 6;9' 2/6 nieieiale 3280 3140 5128 
PAREMEES ois 16) dire fsia-iecensscais eisioscinysieia daseiot sla huere 2954 2854 4266 
LAE SSS ROP TH SURE ICICI CRON RC Ie OT SOE De 3515 3603 5249 
AUN oy, a srs ia sisiais ia: sis iavs aiden aie oie ola o aleveial sient 3649 3654 4924 
IN Ee oars 14 3506 54 "4 aod lg iste cco: s'm 15 15/5:sisivisieralels\ere 3295 3040 3814 
UNION Se 2 ace ecavere ayes aieieiot piaielereraicioivisioidouere/ee 3745 3866 5758 
ME OG sare oes os 0.9 osaralersise e's da wtie eaisenaie.os 3442 3247 4985 
ANTIGEN ra rose aes Ala seinse bo 450 eel Riatorai aisle ee sislo ¥iskele 2954 2856 4435 
TEE 3, La Rae ee ES ae en a Pe? 3072 3073 
MG a eo ie Ais words pss iain a ale alec idan ee ae4 3226 3286 4423 
RMN soit a Sieh siete ies fave seas ie pelea ajstoieiaio aie 3269 2994 4433 


Norte: The amounts recorded represent the average of triplicate determinations. 

* Just before plowing. 

t On this date the soil contained a large amount of ammoniacal nitrogen as indicated by 
the blank determination. It was then equivalent to an average lime requirement of 669 
pounds. With the exception of May 31, other blanks were negligible. 


DECOMPOSITION IN LABORATORY-TREATED SOILS IN 1916 


The decomposition under field conditions is associated with a great many 
factors which are extremely difficult to estimate. Inasmuch as the size of 
the green crops returned to the soil was below normal in the spring of 1916, it 
seemed desirable to supplement the field studies with laboratory studies 
carried on at the same time, so that the application of green material could 
be increased and thereby accentuate any changes which might occur. 

Accordingly, 102 borings 12 inches deep were taken from the check plat. 
The soil and subsoil were kept separate. Each of three Wiley pots, 12 inches 
in diameter and depth, was filled beneath with 26 pounds of subsoil and above 
with a layer of 35 pounds of surface soil. 

One pot received 634 gm. of finely-cut, fresh red clover, of which 135 gm. 
were roots and 499 gm. were tops. Another pot received the same amount of 
rye in which the ratio of roots to tops was 3 to 5. The third pot received no 
organic matter. The mixtures were kept thoroughly stirred and a moisture 
content of 25 per cent was maintained. 

The figures in table 5 indicate that during the period studied, rye produced 
an acid condition equivalent to about 500 pounds CaO per acre, over that 
indicated by the check pot. The pot receiving clover showed a slightly in- 
creased acidity but not so marked as that indicated by rye. Ammonification 
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proceeded in the case of each green manure. The percentage of organic 
matter as indicated by loss on ignition was materially increased. The decom- 
position of clover proceeded more rapidly than that of rye. 


TABLE 5 
Fluctuations in the loss on ignition and in the acidity of the pot samples soon after sampling 


NHs RE- CaO PER 


NH 
DATE TREATMENT ees mo cM. ae aa: pte 

vita — BLANK SOIL 

1916 per cent mem, mgm. bs. 
Oe ER a Se eer Original soil 4.80 0.05 14.42 2848 
Check 4.81 0.68 14.62 2888 
Seip ren ss eects: Ee 5.70 0.68 16.25 3210 
{ Clover 5.50 0.68 15.44 3050 
Check 4.83 0.15 15.02 2967 
September 12... icc ess Rye 5.40 1.00 17.45 3447 
Clover 5.18 1.80 16.04 3168 
Check 4.79 0.07 15.23 3008 
December 16............. Rye 5.20 0.54 17.20 3397 
Clover 5.01 0.41 15.91 3143 


SOIL CHANGES IN 1915 AND 1916 AS EXHIBITED BY THE DRIED STORED SAMPLES 


This work on the samples collected over a period of two years shows that 
variations are maintained in the dried soils, as manifested in their ability to 
retain different amounts of ammonia. In the 1915 samples a difference ex- 
isted between the initial and final acidity of the check as compared with those 
of the plats receiving organic matter, which relatively would credit the rye 
with increasing the requirement equivalent 637 pounds of CaO, while the in- 
crease due to the legume would be 942 pounds of CaO. 

During the 1916 season the amount of green manure added in legumes was 
so slight that any variation in that year must be attributed to the addition 
of organic matter in former years. The rye plat exhibited a net increase of 
65 pounds of CaO, while the legume plat recorded a net decrease of 236 pounds 
of CaO. Both quantities have little significance, inasmuch as they approach 
the error limits of the method, and because of fluctuations between near 
periods of sampling. 

The net result over the period of 2 years indicates a decreased acidity except 
in the legume plat. The net difference between check and non-legume as 
compared with that between check and legume, suggests that the rye caused 
an increased requirement of 33 pounds while the legume caused an increase of 
370. As has been stated, the last application of lime was made in the spring 
of 1914 in 1 ton of finely ground limestone per acre. This fact may have some 
significance when considering net changes in lime requirement even during 
1915 and 1916. 
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TABLE 
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Fluctuations in acidity in soils stored over a period of 2 years, as indicated by the ammonia method 


REQUIREMENT OF CaO PER 3,000,000 PouNDs oF 
nierionoampina SOIL FINER THAN 2 MM. 
Check plat Rye plat Legume plat 
1915 lbs. lbs. bbs. 
IRIE yiciisvs is iargi ns into wes aaa s ONS gamit 2686 2518 3559 
OTE sas oo seelocaig a aleieinis bots a ebro wae ewes 2988 3962 
TCL? 1B Sd Age es ne ge RO Rae 2686 2821 3559 
MRAM DOO a5 6 asso 80s ala 9 a ielshe'« utd ands alone oie aia SaaTele 2250 2921 3727 
Se aR RA Se ee ee aoe ee 2418 3056 3761 
ESR as oni Sees de ee weten Sanu ameeaws 2250 2753 3559 
PMA ES oss ioe oh sccm eats Se alee wie oars 2686 4063 4101 
ECS SSF CoN eT ee 2418 2586 3559 
RSID CREST oP 5 Sse sin vgtersiares Svinte gemma alee ates 1914 2383 3729 
1916 
CUAL Ss 150 eh nN Re SSOP RPI aR Pe 2383 2183 3862 
PARMA ED Gets. 1oisis) dic apsissd bi Gwiata nec oiswn eis as eas 2047 2418 3358 
RMN Re tia akang sr ciais olnig Na one ed ei glole eet eneioce 2317 2686 3761 
MAR AER TS LOY ince ove anos rsh oie Ta eae ere wee 2250 2686 3425 
RAD AO ccs oo isle susiereee an ewasnare sated was aimee 2383 3358 
MN OIE Irs ts CaN gr scssalevnieye: ciethverale ated disieermsos tare 2921 
RNIN oe Fees ors.Sicss Wiarsstiows Geers aia sterie eee 2686 
EID AEE Gio einaty css a Saale eek ew eee ow eine 2921 2686 4154 
DN oss ss arse ee pica isis antes alesieeioin Saaee 2388 2753 3559 
Re aa ses ohs a sional eee sale ate eaten 2988 3727 
PRROMRE EA ies, Bi SS dese BY oN oe Spm teats 2518 2383 3761 
TABLE 7 
Seasonal variation in the CaO requirement and the relation of final to initial requirement, as given 
in table 6 
FLUCTUATION IN CaO FINAL, AS COMPARED WITH 
REQUIREMENT INITIAL CaO REQUIREMENT 
SEASON 
Check | Rye | Legume] Check | Rye | Legume 
lbs. bbs. lbs. bbs. lbs. bbs. 
June 4 to September 21, 1915................ 772 | 1680 | 600 | —772) —135} 170 
September 21, 1915, to April 13, 1916......... 469} —200} 133 
Aprili3to August 24,1916... ..... 62600825 874 | 805 | 796 135} 200) —101 
June 4, 1915 to August 24, 1916.............. —168} —135) 202 


THE HYDROGEN-ION CONCENTRATION IN THE SOILS 


It is to be regretted that the true reaction of the soil solution, as measured 


by the hydrogen-ion concentration, has not received more attention. 


The 


question may well be raised, however, as to the relation which the hydrogen- 
ion concentration, measured by making an aqueous extract in colorimetric 
work, and a suspension in electrometric work, bear to the concentration of 


hydrogen ions in the true soil solution. 
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Whatever the relation may be, it is obvious that if a high concentration of 
hydrogen ions is recorded in the aqueous extract, the concentration will be as 
great or greater in the true soil solution with which the plant is associated. 


TABLE 8 
Hydrogen-ion concentration in the soils after storage 


DATE SAMPLED SOIL pH H’ 


Field soils 


1915 
a ee eee Check 6.0 1.0 X 10-* 
PO eos wick ese upcees Check 6.0 1.0 X 10-* 
OSD | ce Check 6.0 190% a0 
IEE isis ie aca scene Check 6.0 1.0 X 10-* 
eee Rye 6.1 0.8 X 10-* 
| ar Rye 5.8 1.6 X 10-* 
SUE Dees cieceaa tase Rye 6.4 0.4 X 10 
oS SBS eee ere Legume 6.0 1.0 X 10-* 
Of) ee eee” Legume 5.9 2 Kk a0" 
DMCS Leta. Beeiie ns onlss Legume 6.0 1:0 X 10° 
September 21... 5.0 cecsse Legume 6.0 1.0 X 10-* 
1916 
MMOD 55's sn’ hun Giese bans Check 6.2 0.6 X 10% 
nf) OR ee area es Check 6.1 0.8 X 10-* 
DS | SR eee: Check 5.9 12k 107% 
\ he | SE ae a Check 6.1 0.8 X 10% 
DEER AS. SASS enn eeesnde Rye 6.3 0.5 X 10% 
| i a Rye 5.9 1.2 X 10-* 
BPM Rete ct) tol sck eo bk Rye 6.0 1.0 X 10° 
PINE Bs osc ncsisas.owace Rye 6.2 0.6 X 107% 
ih fink OEE EERE EOE Legume 5.8 1.6 X 10-* 
eS ee ee Legume 5.8 1.6 x a0 
ee eee Legume 5.9 12 xX 410- 
ee ee es Legume 6.0 1.0 X 10-* 
Pot-treated soils 
1916 
Check 5.9 1.2 — 10 
ROBOP ERIN: 55.655 xin sb sie Rye 5.9 1.2 — 10° 
Legume 5.9 1.2 — 10-* 


The results here recorded in table 8 are with the dried soils, and conse- 
quently an acidity due to the easily volatile acids, which might have been 
measured in the moist soil at the time of sampling, does not enter into the 


reaction. 
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It is seen that the concentration of hydrogen ions from the three plats sam- 
pled in 1915 shows variations in pH of from 5.8 to 6.4. The greatest variation 
occurs in samples from the rye plat, the other two plats remaining more con- 
stant. It is significant that with the rye plat the variations in concentration 
of hydrogen ions, follow in a general way the fluctuations in the lime 
requirement. 

In 1916 a midsummer increase as compared with final acidity is seen in 
each soil, and the legume plat was the only one to show a higher initial than 
final acidity. 

The final reaction of pot-treated soils appears to have been unaltered by the 
addition of organic matter. 


GENERAL DISCUSSION 


In the absence of records of soil temperatures and soil moisture, the mean 
air temperature and the precipitation may be considered briefly in connection 
with the acidity fluctuations in the field soil, relying chiefly on the determi- 
nations obtained with the fresh soil. In 1915, 8 days prior to taking the first 
sample on June 4, there had been no rain and an average mean temperature 
of 48°F. June had an average mean temperature of 59° and a precipitation 
of 1.36 inches, accompanied by no marked changes in acidity. During the 
first 9 days in July more rain fell than during all of June but the mean temper- 
ature had not changed much. A smallincrease in acidity was general. There 
was only 0.72 inch of rainfall during the remainder of July, and on the thirty- 
first, as a rule, no marked change in acidity was recorded. In the first 12 
days of August, 5.2 inches of rain fell, accompanied by a mean temperature of 
63°. On August 13, with the exception of the legume plat, which had already 
reached the maximum, the highest acidity was recorded, and by the twenty- 
seventh the tendency was generally downward so that in no case was there a 
greater acidity at the close of the season, which was dry, than at the beginning. 

In 1916, the sampling was begun much earlier than in 1915, namely, on April 
13, as soon as the frost was out of the soil. There was a fair prospect with the 
rye, but the legumes were practically a failure. The lime requirement of the 
legume plat proved to be about a ton of calcium oxide greater than that of the 
other two plats. During the succeeding 12 days, 2.6 inches of rain fell and 
the acidity dropped a few hundred pounds, which-may have been due to leach- 
ing. Although during the following 7 days 1.7 inches of rain fell, the previous 
drop in acidity had been fully offset, as is shown by the determinations of 
May 5 and 9. There were 4.6 inches of rainfall during the remainder of the 
month, over an inch of which fell 2 days before the May 31 samples were taken. 
The highest acidity of the summer had then been reached; whereas, the lowest 
acidity and highest ammonia formation was recorded on June 5, about another 
inch of rain having fallen in the meantime. The temperature between May 
24 and June 4 was fairly uniform, with a mean of 57°. The plats were plowed 
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May 18, fertilized May 23, and planted May 25. Samples of soil were also 
collected on June 14 and 20 and July 7, but only a moderate increase in acidity 
was revealed by their examination. Over 6 inches of rain had fallen during 
the period since June 4, and heavy rainfall continued throughout the remainder 
of July. The driest period of the summer was during the last half of August. 
The mean temperature in August was 65°. One more lot of samples was taken 
on August 20 but not much change in acidity was registered. There had been 
no net increase in acidity over that shown on April 13. Below are given the 
average of the mean daily temperatures, and the rainfall in inches during the 
warmest four months. 


MAY JUNE JULY AUGUST 


" 1915 50.5 59.4 65.1 63.7 
Mean temperature (°)................. 1916 51.0 56.7 64.0 65.0 

eae 1915 2.64 1.36 2.28 7.74 
Ce ey Se eer { 1916 4.80 5.77 | 11.75 277 


In 1915 the highest acidity was in the August 13 samples; and in 1916 it was 
in the May 31 samples. 

No conclusions seem to be warranted from the limited data at hand regard- 
ing the seasonal fluctuations. Possibly a liberal rainfall but not enough to 
cause a leaching of acid substance from the surface foot of soil is conducive to 
high acidity (4). . 

If the determinations on the stored samples of the two years, which were 
analyzed by a uniform method, are used as a criterion, it may be seen that 
there was practically no net increase in acidity during the years 1915 and 1916, 
finely ground limestone having been applied in 1914. In fact, there is no evi- 
dence that any acidity has resulted from the use of rye as a cover crop for a 
quarter of a century. The legumes, however, have during the same time, 
considerably increased the lime requirements. 

In the uncropped soils treated in the laboratory with an equal weight of 
green rye as compared with clover, the rye increased the lime requirement 300 
to 400 pounds, or about twice as much as the clover, and the increase was 
maintained from July to December. 

It is evident that the results of the work on samples collected during 1915 
and 1916, taken together, were scarcely an index of the net cumulative effect 
exerted by the cover crops through the longer period of time. 
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The advancements made in any field of endeavor are limited by the rapidity 
with which methods are developed in that subject. The value of the results 
in any experiment is directly proportional to the accuracy of the method used. 
It is useless to plan and conduct long and costly experiments when the accuracy 
of the analytic method is questionable or unknown. Hence, one need offer no 
apology for work, the object of which is the perfection of new or the study of 
old analytical methods. Moreover, methods have often been devised and 
tested for use on one substance or under one set of conditions and may or 
may not give good results when used on other substances and under other 
conditions. 

Methods have been devised for the determination of chlorine in water, 
milk, blood, urine, soil and other naturally-occurring substances. No two 
of the methods give equally reliable results under all conditions. Hence, this 
investigation was designed to study and select the one best suited for use 
in the determination of chlorides in soil. 

An ideal method for the determination of chlorides in soil must be accurate 
when applied to substances containing little or much chlorine. It must be 
accurate when used on soils having large quantities of other soluble salts and 
those containing large amounts of organic matter. It should be fairly easy 
of manipulation and of such a nature that a great number of determinations 
can be made in a short time. 

The gravimetric method is not suitable for the determination of chlorides 
in soil on account of the time it consumes where so many determinations are 
to be made. Moreover, waters and solutions which contain very small 
amounts of chlorides do not form coagulated precipitates unless first concen- 
trated by evaporation. Certain substances have a solvent action on silver 
chloride when heated, among them being the nitrates of the alkali and alkali 
earth metals (5, p. 199) and silver nitrate in strong solution. Moreover, 
heating the chloride solution with nitric acid before the addition of the pre- 
cipitating agent, as is usually done, results in a loss of chlorides (5, p. 522). 

In the determination of alkali or alkali earth chlorides volumetrically by 
Mohr’s method, the solution must be absolutely free from acid or any great 
excess of alkali. It is best to have them neutral and cold (13). Yoder (8) 
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states that there should be no carbonates or phosphates present, as the silver 
salts of these acids are less soluble than the chromate, and the solution should 
have a certain definite concentration in order to give the most definite color 
change. If the chlorine content is below 7.5 parts per million the solution 
should be concentrated (14). Kolthoff (7) found that 0.7 to 1 cc. of 1 V 
potassium chromate per 100-cc. sample was the best amount of indicator to 
use and that the H-ion concentration could vary between 5 X 10~" and 
5X 10-". He found also that the harmful effects of phosphates can be 
avoided by using more indicator, that borax, SO, and NHs below 50 mgm. per 
liter are harmless, and that proteins and iron salts must be absent. Winkler 
(17) states that a comparison should be made by running duplicate samples. 
To one silver nitrate is added until a faint red color is produced which is then 
just discharged with sodium chloride. To the other silver nitrate is added 
until a faint red color is formed and persists for five minutes. A correction is 
subtracted from the burette reading, the amount of the correction increasing 
with the amount of silver nitrate used. Kolthoff (7) denies that the correc- 
tion increases with the amount of chlorine, as claimed by Winkler. 

Tillman and Heublein (14) claim the Mohr method gave too high results 
when too little indicator is used, the titration being carried too far. If 
sufficient indicator is used no correction is necessary. They state that at 
least 1 cc. of a 10 per cent solution of potassium chromate should be used for 
each 100 cc. of solution. 

An error may be introduced by a rise in temperature since the solubility of 
silver chromate increases with a rise in temperature (16). The presence of 
nitrates also increases the solubility of silver chromate. 

For small amounts of chlorine in concentrated solutions the Mohr method 
gives very definite results. If, however, the volume of the solution is too 
large the results are not very accurate. In all cases the sensitiveness of the 
indicator should be tested by determining the quantity of silver solution 
necessary to produce the red shale used in the titration when no chlorides are 
present. 

When a decinormal solution of silver nitrate is used an excess of about 0.2 
cc. is required and this must be subtracted from the amount used. The 
color change is sharper when sodium arsenate is used as indicator and no 
correction is then necessary (8). Stuart (12) found the Mohr method could 
not be used on peaty waters. 

In the original Volhard method the excess of silver nitrate was titrated 
with the alkali thiocyanate in the presence of precipitated silver chloride 
without any special treatment. This gives results which are satisfactory 
with large quantities of chlorides, but which are too high with small quanti- 
ties (15). Drechsel (4) shows this to be due to the silver thiocyanate, being 
less soluble than the silver chloride, so that on stirring the red ferric thio- 
cyanate gradually decomposes, forming silver thiocyanate and making it 
difficult to obtain the true end-point, since the red color becomes permanent 
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only after considerable excess of thiocyanate has been added. He overcame 
this difficulty by adding an excess of silver nitrate to the chloride solution 
contained in a graduated flask and shaking until the silver chloride coagulated, 
then filtering through a dry filter, adding the indicator to an aliquot part and 
titrating the excess of silver nitrate with the thiocyanate solution. 

Volhard in his original work contended that the velocity of decomposition 
of ferric thiocyanate was so slow that it would not affect precise work. But 
Rosanoff and Hill (9) showed it to be rather high, causing an error in some 
cases of as much as 2.9 per cent where the silver chloride is left in the solu- 
tion, whereas when it is removed before the addition of the sulfocyanate the 
error does not exceed 0.17 per cent. 

The Volhard method, without the removal of the silver chloride, is accur- 
ate only when there is a rather large amount of chlorides present and when 
the solution is not too dilute. When the silver chloride has been thoroughly 


TABLE 1 
Chlorides obtained by the Volhard method when the solution is heated and treated with alcohol 
or ether 
TREATMENT Tine rho CALCULASED AS “a 
NaCl 
per cent 
PICALE LONAMNNG os saicis sco salesieuesoces a eee 3 4.944 +0.01 
LUO a i: cl Oe ene ae a ee ee 4 4.937 +0.007 
1Dicc, Gthy alcohol e205 .csc eos enw eseree ene 4 4.937 +0.007 


coagulated by boiling after the addition of an excess of silver nitrate, it reacts 
less readily with the thiocyanate and it is possible to obtain correct results 
after the solution has been cooled without its removal (10). Silver chloride 
may be as well coagulated by the addition if ether as by boiling, and under 
these conditions the chlorides may be correctly determined by the Volhard 
method without the removal of the precipitated silver chloride (1) In our 
work we found that alcohol was just as efficient as the ether or boiling. 

The results obtained by us after coagulating the chlorides in soil solution 
by the various methods are given in table 1. 

The differences in the various results are well within the experimental 
error, hence the ether and the alcohol are just as efficient coagulants as is 
heat. Moreover, the use of ether or alcohol saves the time used in heating 
and cooling the solution. For these reasons we have used alcohol as the 
coagulating agent in our work. 

From the preceding brief review of the literature it would appear that the 
Mohr and Volhard methods are best suited for-the determination of chlorides 
in soil, hence our experimental work has been based on them. 

Preparation of a clear filtrate. The first prerequisite in the determination 
or chlorides in the soil is the preparation of a clear solution. Investigations 
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have already been carried out in this laboratory showing the relative efficiency 
of the Pasteur-Chamberland filters, centrifuge, calcium oxide, calcium car- 
bonate, talc, ferric sulfate, potassium alum, sodium alum and iron alum as 
clarifying agents, and also their effects on the determination of nitric nitrogen 
in the soil solution (6). 

Of these the potassium alum, the Pasteur-Chamberland filter and the 
centrifuge gave the most satisfactory solutions and interfered the least with 
the determination of the nitric nitrogen in the solution. 

In the present work, therefore, these three methods were used for obtaining 
the solution in which the chlorides were to be determined. The results 
obtained by the various methods are given in table 2. 

The soil used was a heavy black clay loam collected from a depression about 
four miles west of Corrinne, Utah. Evaporation had left the soil with a thick 
incrustation of alkali salts. The soil was dried in the laboratory, pulverized, 
sieved, and preserved in wooden boxes. 


TABLE 2 
Chlorides obtained from soil solutions which were clarified by the filter, the centrifuge or alum 
TREATMENT CHLORIDES ERROR cor dll 
per cent 
Ret es Sch Cocca neces Same Sokachereeh 4.998 +0.011 18 
PRNMEPS. Chis G SS Sik sww'c be eRe Redeem esaian a's 5.02 +0.013 8 
eres hs Sore am nea siuieice sa eeumcees 4.998 +0.01 18 


In so far as these results show, there is nothing to choose between the filter 
and the alum since they give concordant results and the probable error is 
about the same in each case. The centrifuge, however, gives higher results. 
It is possible that colloids or proteins from the soil were present and remained 
in suspension with the centrifuge and would be removed with the alum and 
filter. It is a fact that the centrifuge at the speed at which we run it, about 
1200 revolutions per minute, always gave a murky, cloudy solution, whereas 
the filter and the alum gave perfectly clear solutions. 

It seems, therefore, that the filter or the alum where permissible is the 
best means for obtaining a clear filtrate. This is in keeping with our find- 
ing on the preparation of a clear solution for the determination of nitric nitro- 
gen in the soil solution, where we found that alum and the filter gave clear 
filtrates and interfered least with the recovery of the nitric nitrogen. 

The amount of chlorides in the soil. In order that we may have some stand- 
ard of comparison it was necessary to know as accurately as possible the 
amount of chlorides in the soil. For this reason six 10-gm. portions were 
leached free of chlorides. The filtrate was made to 500 cc. and aliquot parts 
analyzed. The gravimetric method which is recognized as giving very accur- 
ate results under proper conditions gave, as an average of 11 determinations, 
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4.98 per cent of chlorides calculated as sodium chloride. These determina- 
tions agreed within experimental error, hence may be taken as the per cent of 
chlorides in the soil. 

The adsorptive action of filters-on sodium chloride. The adsorptive action 
of Pasteur-Chamberland filters on sodium chloride was determined by filter- 
ing solutions of sodium chloride of varying strengths. These solutions were 
then titrated with standard 0.1 WN silver nitrate. 

The quantity of chlorides in the solution is the same after filtration as 
before, thus indicating that any adsorptive action which may be exerted by 
the filter is within experimental error, a conclusion which is in accord with 
other findings (3, 6). 


TABLE 3 


Sodium chloride in solutions before and after filtering through Pasteur-Chamberland filters 


MOHR METHOD VOLHARD METHOD 
Before filtration After filtration Before filtration After filtration 
mgm. mgm. mgm. mgm. 
5.855 5.878 5.867 5.859 
2.937 2.937 2.931 2.955 
1.962 1.971 1.952 1.962 
1.488 1.488 1.471 1.483 
1.183 1.181 1.184 1.161 
TABLE 4 


The chlorides, calculated as sodium chloride, extracted from soils with varying amounts of water 


CHLORIDES EXTRACTED FROM SOIL BY VARY{NG RATIOS OF WATER AND DETERMINED BY 
RATIOS 
Mohr method Error Volhard method Error 
per cent per cent 

1to 5 5.041 +0.008 4.975 +0.012 
1 to 10 5.067 +0.01 4.986 +0.012 
1 to 15 5.054 +0.013 4.956 +0.012 
1 to 20 5.057 +0.017 4.974 +0.013 


Ratio of soil to water. For the extraction of soluble salts from soils the 
workers have used ratios as narrow as 1 part of soil to 1 of water, and as 
wide as 1 part of soil to 25 parts of water. In our work the following ratios 
were used: 1 to 5, 1 to 10, 1 to 15 and 1 to 20, with the results reported in 
table 4. 

The soil yielded to the gravimetric method 4.98 per cent of chlorides, cal- 
culated as sodium chloride. Here we find when the ratio of soil to water is 
1 to 5 by the Volhard method 4.975 per cent and with the ratio 1 to 20, 
4.974 per cent. The Mohr method gave 5.041 and 5.067, respectively, for 
the same ratios. The per cent of chlorides found in the soil by leaching is 
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4.984. The average of that found by the Mohr and Volhard methods for 
the ratios 1 to 5 and 1 to 20 are 5.008 and 5.037 per cent, respectively, which 
are slightly higher than those yielded on leaching the soil, the difference 
probably being experimental error. The Volhard method, however, yielded 
results which are almost identical with those obtained on leaching and deter- 
mining gravimetrically the chlorides. We may conclude that all the chlorides 
are extracted by using 5 parts of water to 1 of soil. In our work on theextrac- 
tion of nitric nitrogen from soils (6), we found this ratio of water to soil 
sufficient to extract all nitrates present. 

Time of extraction. The time necessary for water added to a soil to dis- 
solve the chlorides in a soil may vary greatly with the conditions of the soil 
when the water is added, as well as the treatment of the soil-water mixture. 

In order to find the minimum time necessary for extraction we have ex- 
tracted 100-gm. portions of soil containing 2 gm. of alum with 500 cc. of 
water. The soil was mixed with the water in 1000-cc. bottles and shaken in a 


TABLE 5 
Chlorides extracted from a soil afler varying periods 

a THE SOLUTION CLARIFIED eee 

ii GENERAL AVERAGE ean ae aco BY CRAMBEREAMD PASTEUR 
OF SHAKING 
pores ad Error —— Error pam Error 
minutes per cent per cent per cent 

5 4.987 +0.015 5.002 +0.01 4.973 +0.021 
10 4.997 +0.007 5.002 +0.005 4.993 +0.009 

20 4.981 +0.011 4.969 +0.013 4.994 +0.01 
30 4.992 +0.009 4.990 +0.01 4.994 +0.008 
45 4.977 +0.012 4.970 +0.011 4.984 +0.012 


mechanical shaker for the time indicated, then allowed to stand long enough 
to settle and then the chlorides determined. The average results are given 
in table 5. 

If we take as the amount of chlorides present, that shown by the gravimetric 
method on the solutions obtained by leaching the soil free of chlorides, namely, 
4.98 per cent, then there is nothing to be gained by shaking the soil longer than 
five minutes, as may be observed from the results which all agree within ex- 
perimental error. This is probably sufficient where the soil is finely divided 
and thoroughly agitated as was the case with this soil. 

The influence of various salts on the determination of chlorides in soil by the 
Volhard and the Mohr methods. In order to ascertain the influence of salts 
on the determination of chlorides in soil solution, 50 gm. of soil to which 
was added 5 gm. of the various salts was agitated with 500 cc. of water in a 
shaking machine for 10 minutes. Part of the solutions were filtered through 
Pasteur-Chamberland filters and part clarified by the addition of 2 gm. of 
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alum. The chlorides were determined in aliquot portions by both the Mohr 
and Volhard methods. The results are given in table 6. It will be noticed 
that the salts are tabulated in such a way as to show the influence of the 
anion and the cation. The calcium salts give normal results both by the 
Mohr and the Volhard methods, that is, the results are entirely comparable 
with those obtained by the same method in the absence of the salts. The 
same is also true of the magnesium ion. With the exception of the sodium 


TABLE 6 
The influence of various salts on the determination of chlorides by the Mohr and Volhard methods 
ALUM FILTER 

METHOD SALT USED iaieteael Mtcntian 
of Error NaCl | NaCl Error of 

analyses analyses 

per cent) per cent 

CaCO; 6 | +0.007 | 5.01 | 5.02 | +0.01 6 
Wolbers oss Ca(NOs)2 6 | +0.004 | 4.99 | 4.95 | +0.02 6 
° CaSO, 6 | +0.003 | 5.02 | 5.01 0.0 6 
IVOTANG 5 on inaee ice oen sears 18 | +0.005 | 5.007| 4.993) +0.01 18 
CaCO; 6 | +0.003 | 5.08 | 5.12 | +0.01 6 
MONT cis crate Ca(NOs)2 6 | +0.008 | 5.08 | 5.03 | +0.02 6 
CaSO, 6 | +0.005 | 5.09 | 5.09 | +0.00 6 
INVONORG 225 c winh acinais cS cke eww eg ler 18 | +0.005 | 5.08 | 5.08 | +0.01 18 
MgSO, 4 | +0.01 | 4.99 | 5.02 | +0.002 6 
Volhard............ Mg(NOs)2 9 | 40.008 | 4.942} 4.925) +0.003 6 
MgCoO; 5 | +0.01 | 4.946} 4.954) +0.01 6 
PUVETANG si Aico secs I i oa ae 18 | +0.009 | 4.957) 4.954) +0.005 | 18 
MgSO, 4 | +0.00 | 5.09 | 5.08 | +0.002 6 
MONI G sess aloes Mg(NOs)2 6 | 40.006 | 5.018) 5.004) +0.003 6 
MgCO; 6 | +0.01 | 5.028) 5.054) +0.01 6 
NOT OROD soso 00/6 56a ae to agi sinc eiteloe 3 16 | 40.005 | 5.045] 5.046) +0.005 | 18 
NazCOs; 6 | 40.018 | 4.89 | 4.95 | +0.00 6 
NOMIREGSo.5:4/sie seas NaNO; 6 | +0.01 | 4.87 | 4.88 | +0.02 6 
NaHCO; 6 | 40.008 | 4.90 | 4.91 | +0.005 6 
NazSO, 6 | +0.012 | 4.92 | 4.93 | +0.01 6 
PAW RTORE Story loisig oo raice ore wane cee ars 24 | +0.012 | 4.895) 4.92 | +0.008 | 24 
NazCO; 6 | +0.00 | 5.26} 5.26 | +0.00 6 
GBT sca iis areas NaNO; 6 | +0.007 | 4.99 | 4.95 | +0.02 6 
NaHCO; 6 | +0.01 | 5.02 | 5.02 | +0.025 6 
Na2SOg 6 | 40.016 | 5.03 | 5.02 | +0.005 6 
PN CCRM EE as ciie iia isthe sawiscrns eeweats 24 | +0.008 | 5.075) 5.062) 40.014 | 24 
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TABLE 6—Continued 


CLARIFIED WITH ALUM CLARIFIED WITH FILTER 

METHOD SALT USED ase Naither 
f Error NaCl | NaCl Error f 

analyses analyses 

per cent | per cent 

CaCO; 6 +0.007 | 5.01 | 5.02 | +0.01 6 
MgCoO; 5 +0.01 4.946] 4.954) +0.01 6 
OC ers NazCOs....... 6 +0.018 | 4.89 | 4.95 | +0.00 6 
NaHCO; 6 +0.008 | 4.90 | 4.91 | +0.005 6 
FeCO; 6 +0.005 | 4.938} 4.967) +0.002 6 
PINE Rha see sos eo cas eons ienne 29 | +0.009 | 4.938) 4.960] +0.005 | 30 
CaCO; 6 | +0.003 | 5.08 | 5.12 | +0.01 6 
MgCoO; 6 +0.01 5.025) 5.054) +0.01 6 
BRE haope ccaet ess Na2CO; 6 | +0.00 | 5.26 | 5.26 | +0.00 6 
NaHCO; 6 +0.01 5.02 | 5.02 | +0.005 6 
FeCO; 6 +0.00 5.042) 5.045) +0.002 6 
PWEIEIND Ge icccccnen ese s ese sens cuas 30 | +0.005 | 5.085) 5.102) +0.005 | 30 
Ca(NOs)2 6 +0.004 | 4.99 | 4.95 | +0.02 6 
on a ge Mg(NOs)2 9 +0.008 | 4.942) 4.925) +0.003 6 
NaNO; 6 +0.01 4.87 | 4.88 | +0.02 6 
GEORG .o esos bess > ses sus csacslcs 21 +0.007 | 4.934) 4.918) +0.014 18 
Ca(NOs)2 6 +0.008 | 5.08 | 5.03 | 40.02 6 
Be ces lec anes Mg(NOs)2 6 +0.006 | 5.018} 5.004) +0.003 6 
NaNO; 6 +0.007 | 4.99 | 4.95 | +0.02 6 
WM Ser Seto Sah soo an eas 18 +0.007 | 5.029} 4.995) +0.014 18 
CaSO, 6 +0.003 | 5.02 | 5.01 | +0.00 6 
MINMRES swiss oscee MgSO, 4 +0.01 4.99 |} 5.02 | +0.002 6 
NazSO, 6 +0.012 | 4.92 | 4.93 | +0.01 6 
oe ET See SE pa a ae See 16 | +0.008 | 4.977) 4.99 | +0.004 | 18 
CaSO, 6 +0.005 | 5.09 | 5.09 | +0.00 6 
eee, MgSO, 4 +0.00 5.09 | 5.08 | +0.002 6 
NaSO, 6 +0.016 | 5.03 | 5.02 | +0.01 6 
DEMO ody < cb eek ean ee csu eb okee 16 +0.007 | 5.07 | 5.063) +0.004 18 
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carbonate, which gives abnormally high results, the sodium salt decreases the 


quantity 


of chlorides recovered. 


Of the acid ions the sulfates are without effect whereas the nitrates have a 
depressing influence. This is in conformity with the reference already cited 
(5, p. 522) that silver chloride is somewhat soluble in the presence of nitrates 
of the alkali and alkali earths. The carbonates decreased the quantity of 
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chloride as measured by the Volhard method. This is to be expected, since 
the carbonates are converted into nitrates by the added nitric acid. With 
the exception of sodium carbonate the carbonates do not interfere with the 
Mohr method. This is undoubtedly due to the low solubility of the carbon- 
ates used. With sodium carbonate, however, abnormally high results are 
obtained. Besides coloring the filtrate brown, thereby obscuring the end- 
point, sodium carbonate causes a precipitation of silver carbonate, since silver 
carbonate is less soluble than silver chromate and the amount of silver car- 
bonate precipitated will depend, of course, on the quantity of sodium car- 
bonate present. 

The Mohr vs. the Volhard Method. Brautlecht and Langley (2) compared 
these methods in their adaptability to the determination of chlorides in 
waters. They found the Volhard gave more satisfactory concordant and accur- 
ate results when 0.1 W solutions were used but required a longer time. They 
found 0.01 WV sulfocyanate and silver nitrate solutions too dilute to give sharp 


TABLE 7 
Chlorides found in solution by the Mohr and Volhard methods 


MOHR METHOD 


VOLHARD METHOD 


Chlorides calculated 
as NaCl 


Error 


Chlorides calculated 
as NaCl | Error 


per cent per cent | 
5.041 +0.011 4.964 | 


end-points. Shutt and Charlton (11) reached a similar conclusion when 
working on a large number of waters containing only small amounts of 
chlorine. Stuart (12) found that the Volhard method can be used with waters 
containing small amounts of chlorine only when a very small excess of silver 
nitrate is used, not exceeding 0.2 cc. The plus or minus error will be about 
0.5 parts per million of waters containing 10 parts per million of chlorine. 

The vast amount of work done by us makes it possible to compare the 
results obtained by the Mohr and Volhard methods with those obtained by 
the gravimetric. 

This is done in table 7, in which is given the average for 22 determinations 
by the two methods. The determinations were made on the same solutions 
so that the only variable is the method of determining the chlorides. 

The Mohr method invariably gives results higher than the Volhard method. 
This has been rectified by many workers by making a correction which is not 
necessary in the case of the Volhard method. 

If we take the chlorides as determined by leaching and precipitation with 
silver nitrate (4.98 per cent) as standard we find a very close agreement 
between this result and that obtained by the Volhard method. Therefore, it 
would appear from all of our results that the Volhard method is more accurate 
for the determination of chlorides in soil solution than is the Mohr method. 


+0.011 
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SUMMARY 


Equally satisfactory soil extracts from ‘which the chlorides are to be deter- 
mined are obtained either by the use of 2 gm. of alum or by the Pasteur- 
Chamberland filter. The extract obtained by use of the centrifuge gave higher 
results, due perhaps to the presence of proteins or other colloids in suspen- 
sion. The quantity of chlorides obtained by the use of 5 parts of water to 1 
part of soil was the same as with larger quantities of water. 

Nothing is to be gained by agitating the soil and water for more than 5 
minutes if the soil is finely divided and the solution vigorously shaken. The 
Mohr and Volhard methods give low results in the presence of nitrates of the 
alkali and the alkali earths. The Volhard method gives low results in the 
presence of carbonates of the alkali and alkali earths. The Mohr method 
gives high results in the presence of carbonates due to the precipitation of 
silver carbonate. The Volhard method gives more concordant and, as judged 
by the gravimetric method, more nearly exact results than the Mohr method. 
Ethyl alcohol causes the coagulation of silver chloride as well as ether or 
boiling. 

We obtained the best results by the following method: 100 gm. of finely 
pulverized soil was agitated in a mechanical shaker for 5 minutes and clarified 
either by the use of 2 gm. of alum or by the Pasteur-Chamberland filter; 
20-cc. portions were pipetted into ground-glass-stoppered bottles and an 
excess of 0.1 W silver nitrate added; 10-cc. of 95 per cent ethyl alcohol was 
added and the mixture shaken until the silver chloride was coagulated and 
the supernatant solution was clear; 2 cc. of ferric sulfate solution containing 
20 gm. of ferric sulfate to 500 cc. of water, and 5 cc .of dilute nitric acid were 
added; the excess of silver nitrate was then titrated by the use of 0.1 NV 
NH,SCN. 
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It has usually been observed that the growth of clover or alfalfa on a piece 
of land improves it in so far as crop production is concerned. This is true 
even when the hay crops are all removed and only the stubble and roots 
incorporated in the soil. Because these plants are nitrogen fixers, we are 
naturally inclined to associate the improved productiveness to an increase 
in the supply of total or available nitrogen. 

There still remain several questions regarding the reason for soil improve- 
ment by legumes which have not been definitely settled. There appears to 
be some doubt as to whether the total nitrogen content of a soil is always 
greater after a legume has been raised on it than before, even when its growth 
has made the soil capable of producing larger crops. If there has been no 
increase in the quantity of nitrogen present, has there been a change in the 
readiness with which organic nitrogen is converted into nitrates, and if so, 
is that due to the quality of the organic nitrogen in the plant residues or does 
it result from some other influence of the legume on the production of nitrates? 

It is not our purpose to discuss in this paper the effect of legumes on the 
nitrogen balance in soil on which they have been grown. It is, rather, the 
effect of these crops on the quantity of nitrogen in the form of nitrates after 
the legumes have been cut for hay and the stubble or roots plowed under 
that is here to be considered. Experiments reported by a number of investi- 
gators cover two aspects of the subject. One of these is the capacity of a 
soil to form nitrates from the nitrogen remaining in the soil after the growth 
of the legumes; the other is the power of the soil to form nitrates from organic 
nitrogenous matter or ammonium salts added to the soil when it is brought 
into the laboratory and incubated. 

In the following brief review of some of the investigations dealing with 
this subject no consideration is given to records of the determination of nitrates 
in soil on which crops are growing unless samples of soil are removed and 
nitrates allowed to develop during incubation of the soil without the presence 
of crop plants. The presence of growing crops introduces a factor which 
complicates any attempt to find the effect of the residues of the crop on nitrate 
formation. To simplify the discussion this limitation will be observed, and 
the effect of fallow or condition other than crop growth will be omitted. 
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Warington (10) analyzed the drainage water passing through a soil from 
which a wheat crop had been removed, one-half of the area having grown a 
crop of clover immediately before the wheat was planted and the other half 
having been in barley. He found that the drainage from the clover soil con- 
tained more nitrate nitrogen than did the barley soil. 

King and Whitson (6) conducted experiments with soil in cylinders in the 
greenhouse which they planted respectively to corn, clover and oats. After 
these crops were removed the cylinders were allowed to stand for 93 days 
under the same conditions of moisture and temperature. During this period 
one set of cylinders representing the three crops was left uncultivated, one set 
was cultivated once a week, and one set was cultivated once in two weeks. 
At the end of the period the quantity of nitrates in the cultivated soil was in the 
ratio of 31:47: 28 for corn, clover and oats, respectively, but in the unculti- 
vated soil there was practically no difference in the quantity of nitrates in the 
soil previously planted to these crops. 

As the method of treating the sample of soil previous to the determination 
of nitrates may possibly be a factor in the results, that operation will be de- 
scribed in each review if it has been found in the text. In this experiment 
the determination of nitrates appears to have been made without previously 
drying the soil. 

Brown (1), in experimenting with soil from a series of field plats which had 
been cropped in various ways for a number of years, found that incubation 
with ammonium sulfate and also with dried blood gave, on the whole, a 
slightly lower production of nitrates from the soil on which clover had been 
grown continuously than from soil on which corn had been grown continuously, 
but where clover had been used in a rotation nitrate production was much 
higher than in the soils just mentioned and also than in soil on which the same 
rotation was used without clover. 

In these experiments and also in those by Brown to be reviewed later the 
soil before incubation was air-dried and screened. 

Greaves (3) determined the nitrifying power of soil from a number of fields 
whose previous treatments had been very diverse but which at the time of 
sampling were planted to alfalfa and wheat. He reports that the nitrifying 
power of soil on which alfalfa was growing was much less than that of soil 
on which wheat was growing. 

In a continuation of the experiment by Brown (2) previously reviewed he 
found that both dried blood and ammonium sulfate produced more nitrate 
nitrogen when incubated with soil cropped to a rotation of corn, oats and 
clover than with a soil cropped only to corn and oats, or soil planted continu- 
ously to corn. 

McBeth and Smith (8) experimented with soils from plats irrigated with 
different quantities of water and also unirrigated. Each set of plants so 
treated produced crops of alfalfa, potatoes, corn and oats. The experiment 
extended through the years 1909 to 1912, inclusive. The nitrifying power 
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of the soil with dried blood and also with ammonium sulfate was determined. 
Soil samples were air-dried to 3 per cent moisture before the first determination 
of nitrates was made and before the sample was incubated. While the results 
of the nitrification tests were not uniform for the different years and the differ- 
ent applications of irrigation water they showed, in the main, a greater nitri- 
fying power for the alfalfa soil than for the potato, corn and oat soil, which 
three crops appear not to have differed much in their effect on the nitrifying 
power of the soil. 

Velbel (9) found that nitrate formation was increased by the cultivation 
of leguminous plants. 

Kellerman and Wright (5) planted peas, vetch, barley, rye and Kafir corn 
in wire baskets, using a series of these crops in each of two types of soil. After 
growing for 80 days the plants and roots were removed and nitrification tests 
were made with the addition of peptone to one set of soil samples and of 
ammonium sulfate to another set. There appeared to be no consistent differ- 
ence between the soil planted to the legumes and that planted to the non- 
legumes in respect to the quantity of nitrates formed during incubation. 

Greaves, Stewart and Hirst (4), experimenting apparently with the same 
plats at Greenville, Utah, as those used in the experiments by McBeth and 
Smith, which have already been reviewed, and following much the same 
methods of preparing soil for incubation, found that the nitrifying power of 
soil with dried blood was greatest when taken from where potatoes were grow- 
ing and less for alfalfa, oats and corn in the order named. 

Lyon and Bizzell (7) found more nitrate nitrogen in soil on which alfalfa 
had previously grown for 6 years and which was then kept bare of vegetation 
than in soil on which timothy had grown for the same period and which was 
also free of vegetation. They also found that the alfalfa soil produced more 
nitrates when incubated both with and without dried blood. 

There is sufficient discrepancy in the results of the experiments reported 
to leave some doubt whether the legumes used in the experiments increased 
the nitrifying power of the soil for dried blood as compared with the influence 
of the non-legumes. Experiments in which the crop residues alone were con- 
cerned leave less room for doubt, the conclusions of the three investigations 
on that subject being unanimous in favor of the legume. In the following 
experiment an attempt has been made to deal with the question in a somewhat 
different manner than has been done in the investigations cited. 


PLAN OF THE EXPERIMENT 


The experiment involved the leaching of soil on which different crops were 
growing. To accomplish the leaching while the crops were on the soil and to 
obviate the necessity of removing and consequently of aerating it, the soil 
was placed in cylindrical cans with funnel-shaped bottoms from which the 
drainage water was conducted by pipes connected with large bottles in which 
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the leachings were collected. The cylinders were 12 inches in diameter and 
2 feet deep. Ten inches at the bottom were filled with a weighed quantity 
of clay subsoil and the funnel-shaped bottom was filled with sand and gravel. 

It was interded that the soil should be very rich in readily nitrifiable nitro- 
gen, for which purpose dried blood was added to the soil at the rate of 45 gm. 
percan. Acid phosphate was added at the rate of 15 gm., muriate of potash 
at the rate of 8 gm., and ground limestone at the rate of 90 gm. percan. The 
same weight of soil was placed in each can. 

The soil used in the experiment was a sand of moderate fertility and good 
drainage. The commercial fertilizer used in such liberal quantities made it 
productive and the lime permitted an abundant growth of clover. No diffi- 
culty was experienced in leaching the soil and the drainage water was clear. 

Twelve cylinders were employed, six of which were planted to timothy and 
six to red clover. The soil of all cans was inoculated with a pure culture of 
Bacillus radicicola from the clover plant. Each can also received 1000 cc. 
of an infusion made by stirring 1 pound of garden soil with 3 liters of tap 
water. This was to insure an active nitrifying flora. The crops were planted 
on September 15 and on September 29 there was a good stand. 

During the time the timothy and clover were growing the soil was leached 
from time to time, and as water was dripping from the outlets much of the 
time the soil in all cans contained about the same quantity of moisture. All 
the water applied had been distilled and was free from nitrates. The growth 
of the plants was sufficient to permit leaching on November 27, and from that 
time until the crops were harvested the soil of each can was leached about 
once a month. 

It was intended to estimate the nitrogen contained in the drainage water 
and all of this proved to be in the form of nitrates which were determined by 
the phenol disulfonic acid method. There were seven leachings during the 
time the timothy and clover were on the soil. 


NITROGEN IN CROPS 


The crops were harvested on May 13. Both crops had made a good growth, 
the clover relatively better than the timothy, but both were healthy and 
vigorous. At the time of harvest the clover was in blossom and the timothy 
had not yet reached that stage. The crop from each can was dried, weighed 
and its nitrogen content determined. The yields of dry matter and of nitrogen 
in these crops are shown in table 1. 

The total quantity of nitrogen removed from the soil in the cans on which 
timothy was grown was small as compared with the quantity added in the 
form of dried blood. This material contained 10.5 per cent of nitrogen and, 
consequently, at the rate of 45 gm. of dried blood per can the total amount 
of nitrogen thus added to the six timothy cans would be 28.35 gm. The 
crop removed a total of 4.0962 gm. from the six cans, thus leaving a large 
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quantity of easily nitrifiable nitrogen remaining in the soil. It is impossible 
to say how much nitrogen the clover took from the soil. 


TABLE 1 


Weights of dry matter and nitrogen in timothy and red clover grown in cans 9-20 


TIMOTHY RED CLOVER 
Can Can 
Number Number 
Dry matter Nitrogen Dry matter Nitrogen 
gm. gm. gm. gm. 
9 46.95 0.5978 15 179.86 5.3669 
10 60.25 0.7497 16 169.99 5.0688 
11 66.65 0.7866 17 168.75 4.9104 
12 68 .03 0.7840 18 165.27 4.8894 
13 49.19 0.5712 19 179.83 5.3865 
14 49.09 0.6069 20 170.68 5.1015 
otal; .a50s 340.16 4.0962 1034.38 30.7235 
TABLE 2 
Nitrogen in leachings during growth of timothy and red clover 
NITROGEN IN DRAINAGE WATER BETWEEN DATES INDICATED TOTAL 
CAN aaaeanl TOTAL VOLUME 
NUMBER bas Sept. 29|Nov. 27|Dec. 11] Jan. 14/Feb. 11]/Mar. 11/April 11 — a 
to to to to to to to mA 
Nov. 27|Dec. 11] Jan. 14] Feb. 11|Mar. 11]April 11/May 11 Aner 
gm. gm. gm. gm. gm. gm. gm. gm. liters 
9 Timothy 0.23 | 0.12 | 0.14 |0.004 |0.0005/0.0005} trace |0.4950) 28.043 
10 Timothy 0.23 | 0.10 | 0.08 |0.003 | trace | trace | trace |(0.4130| 27.342 
11 Timothy 0.22 | 0.07 | 0.02 | trace} trace | trace | trace {0.3100} 23.188 
12 Timothy 0.24 | 0.07 | 0.03 | trace | trace} trace | trace |0.3400) 26.431 
13 Timothy 0.26 | 0.13 | 0.08 |0.004 | trace | trace | trace 0.4704] 28.882 
14 Timothy 0.17 | 0.07 | 0.06 |0.004 | trace | trace | trace |0.3004} 29.583 
Total 1.35 | 0.56 | 0.41 |0.0078/0.0005)0.0005) trace |2.3288/163.469 
15 Red clover 0.17 | 0.06 | 0.09 |0.008 |0.0012/0.0009} trace |0.3301] 27.391 
16 Red clover 0.14 | 0.06 | 0.07 |0.019 |0.0023/0.0014/0 .0016/0.2943) 25.720 
17 Red clover 0.17 | 0.06 | 0.07 |0.018 |0.0027/0.0011/0 .0007|0. 3225) 28.923 
18 Red clover 0.16 | 0.09 | 0.08 |0.016 |0.0025 0.0011/0 .0009 0.3505} 30.100 
19 Red clover 0.13 | 0.04 | 0.07 |0.016 |0.0009 0.0005/0 0007/0. 2581 22.535 
20 Red clover 0.16 | 0.04 | 0.01 |0.003 |0.0011 spc iat sdoetine 18.884 
TOA) ois.c ss caissie ses s|OL98) 10535 | 05 39"10:080:: 10-0107 0.0055}0.0042/1.7704 153.553 


NITROGEN IN DRAINAGE WATER DURING GROWTH OF TIMOTHY AND RED CLOVER 


The soil in the cans was leached with distilled water at intervals during the 


time the timothy and clover were growing. 


A record was kept of the amount 


of water that passed through the soil and of the nitrates (NOs) in parts per 
million contained in the percolate. Table 2 shows the quantity of nitrogen 
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removed in the drainage water from each can at each leaching, also the total 
volume of water percolating through the soil during the time the timothy and 
clover crops were growing. 

It may be seen from the figures in the table given above that most of the 
nitrogen leached out of the timothy soil was in the first two leachings and that 
the last three leachings contained practically none. Red clover, on the other 
hand, continued to give appreciable quantities in all the leachings. Appar- 
ently nitrification continued more actively in the clover soil than in the timothy 
soil while the crops were making their later growth, or else the clover made 
less use of the nitrate nitrogen of the soil than did the timothy. The quantity 
of nitrate nitrogen leached from the clover soil after growth was well started 
was so small as to indicate that either nitrification had practically stopped 
or that the clover was absorbing nitrate nitrogen. 


NITROGEN IN DRAINAGE WATER AFTER THE SOIL HAD REMAINED FALLOW FOR 
A MONTH 


The crops having been harvested, the soil was stirred up to a depth of about 
2 inches and the stubble and coarse roots near the surface were removed, but 
the remainder of the roots were left in the soil. The soil was allowed to stand 


TABLE 3 
Nitrogen in drainage water from fallow soil 
VOLUME | NITROGEN VOLUME | NITROGEN 
-.. PREVIOUS CROP a. maaan main ERETEONE CROP mnameaate seamniies 
WATER WATER WATER WATER 
liters gm. liters gm. 

9 Timothy 6.958 | 0.0156 15 Red clover 7.270 | 0.1215 
10 Timothy 6.158 | 0.0099 16 Red clover 7.605 | 0.0927 
11 Timothy 7.582 | 0.0121 17 Red clover 7.250 | 0.0884 
12 Timothy 7.850 | 0.0120 18 Red clover 8.205 | 0.1297 
13 Timothy 7.060 | 0.0172 19 Red clover 6.452 | 0.0933 
14 Timothy 7.228 | 0.0359 20 Red clover 7.445 | 0.1446 

PRA Serene cesouss 3% m2 B50 4020027) } Dotalicn cia. css 44.227 | 0.6702 


in this condition from May 13 to June 15, water being added from time to 
time, but no vegetation being allowed to develop. It was then leached and 
nitrates were determined in the leachings. The volume of drainage water 
from each can and the nitrogen it contained are stated in table 3. 

When the soil was allowed to lie fallow the formation of nitrates was much 
more active in the soil previously in red clover than in that which had raised 
timothy. The figures given above indicate a production of about six times 
as much nitric nitrogen in the clover soil. The timothy soil had a large quantity 
of easily nitrifiable nitrogen still present in the form of dried blood, as only 
a small proportion of this had been used by the previous crop or had been 
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leached out. The greater quantity of nitrates leached from the clover soil 
during this period is evidently not to be accounted for by the assumption that 
the clover crop did not absorb nitrates. The fact that the soil had been leached 
several times while the clover was growing and that the quantity so obtained 
was small, would invalidate this assumption. There was, without doubt, a 
much more active formation of nitrates following the growth of clover than 
of timothy. 


THE PRODUCTION OF CROPS ON SOILS PREVIOUSLY PLANTED TO TIMOTHY AND 
TO RED CLOVER 


On June 22 four of the cans were planted to oats and four to maize, the 
remaining four being allowed to continue in fallow and being left free of veg- 
etation during the entire time the other crops were on the soil. Boththe oats 
and maize plants were beginning to appear above ground on June 27. The 


TABLE 4 
Volume of water added to each can between June 22 and October 21 
witty | mexmous coor | Teme | wares | can | esvous ceo | "eRBET | yarns 
liters liters 
9 Timothy None 30 15 Red clover None 28 
10 Timothy Oats 45 16 Red clover Oats 54 
11 Timothy Maize 40 17 Red clover Maize 46 
12 Timothy None 29 18 Red clover None 27 
13 Timothy Oats 47 19 Red clover Oats 53 
14 Timothy Maize 39 20 Red clover Maize 43 


oats were thinned to 18 plants per can and the maize to 3 plants. Early in 
July the cans were taken out of the greenhouse and remained outside until 
the latter part of September, during which time they received the rainfall. 
The quantity of distilled water added to each can in addition to the rainfall 
is shown in table 4. 

It will be seen at once that the oats and maize on the soil previously in 
red clover required more water than did the same crops on the timothy soil. 
This was reflected in the yields of crops, which was greater on the clover soil. 
The fact that the oats required more water than the maize is probably to be 
accounted for by the small growth of the latter. The fallow soils all received 
nearly the same quantities of water. 

Throughout the entire period of growth the plants on the clover soil were 
more vigorous. On July 15 maize on timothy soil had 5 leaves and that on 


1The maize was a very small and early maturing variety, which probably accounts for 
the small production of dry matter and nitrogen in the crop. It would doubtless have been 
better to have used a somewhat larger variety. 
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clover soil 7 leaves, and the latter was a deeper green and taller. On the 
same date the oats on the clover soil had tillered nearly twice as much as on 
the timothy soil and was likewise a better color. Oats, however, did not 
show as much benefit from the clover at an early stage as did maize. 

Maize on clover soil began to show some tassels on August 15, that on timo- 
thy soil on August 20. Oats on clover soil began to head on August 17 and 
that on timothy soil on August 21. 

On September 23 the maize had ripened, but the oats were only partly 
yellow. The rather unusual occurrence of maize ripening before oats was 
probably brought about by the late planting of the oats, which necessitated 
its early growth being made during warm weather and to the naturally early 
maturing character of the maize. 


TABLE 5 


Nitrogen in oats and maize following timothy and red clover 


PREVIOUS CROP | CAN NUMBER sais Naa 


AND MAIZE 
| _ 
ET | 10, 11, 13, 14 1.3346 
Nt oe sn che cage dul | 16, 17, 19, 20 2.3951 
TABLE 6 


Volume and analysis of drainage water collected between June 22 and November 14 


<i sonatas ee VOLUME OF BRAIKAGE | NIEROOEN IN DRAINAGE 
| | iters: Zz gm. 
9, 10, 11, 12, 13, 14 | Timothy 89.018 1.4353 
15, 16, 17, 18, 19, 20 | Red clover | 86.793 | 3.2460 


The crops were left on the soil until October 21, at which time there was 
no question that the maize was fully ripe, but the oats were still partly green. 
The crops were harvested on this date by cutting off the stems at the surface 
of the soil, after which the grain and straw or stalks were separated. They 
were then dried, ground and subjected to analysis, the results of which are 
shown in table 5. 

The much larger absorption of nitrogen by the crops on the clover soil is 
at once apparent. The excessive application of dried blood to the previous 
crop might well be expected to have had a residual effect on the crops grown 
on the timothy soil but this was slight as compared with the influence which 
red clover exerted on the nitrogen content of the crops which followed that 
legume. 

After the crops were removed the soil of each can was subjected to repeated 
leachings in order to remove the nitrates as completely as practicable, and on 
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the figures of the last leaching the quantity of nitrates remaining in the water 
in the soil was calculated. The results of the leachings during the time when 
the oats and maize were growing and after their removal, together with the 
nitrates remaining in the soil water, are shown in table 6. 

The total quantity of nitrate nitrogen in the drainage water following clover 
was more than twice as great as in the water following timothy. 


REMOVAL OF NITROGEN FROM SOIL FOLLOWING THE GROWTH OF TIMOTHY AND 
RED CLOVER 


It still remains to summarize the total removal of nitrogen from the soil 
following the growth of timothy and clover. The media in which this nitrogen 
is contained are (a) the drainage water from the soil which lay fallow for a 
month following the growth of timothy and clover, (b) the oat and maize 
crops raised after the fallow, and (c) the drainage water from the soil on which 


TABLE 7 


Nitrogen contained in crops and drainage water following timothy and red clover 


CAN NUMBERS 

9,10, 11 15 16, 17 
12 13, 14 18, 19, 20 

VEST EC <0 ONO AIA ORAS CECT NC a eae ee Timothy | Red clover 
Nitrogen in drainage from fallow soi! (gm.)................... 0.1027 0.6702 
Nitrogen in crops of oats and maize (gm.).................... 1.3346 2.3951 
Nitrogen in drainage from oats and maize and bare soil (gm.).. 1.4353 3.2460 
Total quantity of nitrogen removed (gm.).................- 2.8726 6.3113 


the oats and maize were growing and from the bare soil during the same time. 
These removals of nitrogen are itemized and totaled in table 7. 

Comparing the total quantities of nitrogen removed from the two soils it 
will be seen that there was a little more than twice as much from the clover 
soil as from the timothy soil. The quantity in the drainage from the fallow 
soil during the period from May 13 to June 15 was six times as great from clover 
soil as from the timothy soil, while the drainage from the oat, maize and bare 
soil during the period from June 15 to November 14 contained only a little 
more than twice as much nitrogen from the clover soil as from the timothy. 
The effect of the clover in increasing nitrate production apparently began 
to subside after a few weeks. In the drainage water analyzed on October 21 
the nitrogen from the clover soil was only about one and one-half times as 
much as from the timothy soil. Table 8 shows the quantities of nitrogen 
removed from the soils kept bare of vegetation from the time the timothy and 
clover were removed in May until the middle of November. 
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It is very apparent from this table that the clover soil was losing its nitrate- 
producing power much more rapidly than was the timothy soil. Nitrate 
production was nine or ten times as rapid in the clover soil immediately after 
taking off the clover crop, while six months later it was only about one-fourth 
greater. The effect of clover in increasing nitrate production is not of long 
duration under the conditions of this experiment and if it is as short-lived in 
field soils the practice of not plowing up a clover sod until the farmer is ready 
to replant the land would seem to be advisable. If, however, the conditions 
had been less favorable for nitrification, the effect of the clover might have 
been more enduring. In this case there is some question whether the effect 
of clover on nitrate formation is greater after the first succeeding grain crop 
than is the effect of the timothy. It should be noted, however, that the clover 


TABLE 8 
Relative nitrate-producing capacity of uncropped soil previously growing timothy and red clover 


ACTUAL PRODUCTION RELATIVE PRODUCTION 
PERIOD BETWEEN LEACHINGS 
Timothy, Clover, Timothy, Clover, 
cans 9,12 | cans 15,18} cans9,12 | cans 15, 18 
gm. gm. gm. gm. 
ER EID Shoe G5 ickaa beep cate ab een shh 0.0276 | 0.2512 100 910 
NE UIE ons Fis 6 bkain bis steer sawics 0.0199 | 0.1998 100 1004 
SEER goo ps Gb alewso.suies abe esi 0.0670 | 0.1720 100 257 
pe ES FE ee ee ey 0.0883 | 0.3340 100 387 
August 14—September 7...............020500- 0.3113 | 0.6800 100 218 
September 7-September 23....................] 0.2183 | 0.4452 100 204 
oe Ae Cul. oe) a es ae 0.1363 | 0.1954 100 143 
October 21-November 4..................-42: 0.1137 | 0.1769 100 155 
November 4—-November 14.................... 0.1861 | 0.2284 100 123 
Remaining in soil water.......................| 0.0419 | 0.0405 
| 1.2104 | 2.7234 
| 


was on the soil for only a short time and the soil was spaded up immediately 
after removing the first crop of hay. It should also be noted that the grain 
crops in the clover soil were twice as large as those in the timothy soil, which 
is an unusually marked effect of the clover and is probably to be explained by 
the fact that available nitrogen was the limiting factor in the growth of the 
grain crops, all the other plant nutrients having been supplied in excess. 

If the more abundant formation of nitrates in the clover was due to the 
more easily nitrifiable character of the nitrogenous organic residue of that 
crop it would seem probable that this material constitutes only a minor part 
of the total nitrogenous organic matter in the clover roots. At least this is 
the case if we assume that one-third of the nitrogen of the clover crop remains 
in the soi]. Calculated on this basis about 15 gm. of nitrogen would have 
remained in the six cans in which clover was grown. There were 3.4387 gm. 
of nitrogen in the crops and drainage water of the clover soil in excess of that 
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in the timothy soil. Something over one-fifth of the total nitrogenous residue 
of the clover crop had therefore nitrified by the time that the rate of nitrifi- 
cation in the clover soil had declined to the rate of the timothy soil. The 
remainder of the residue from the clover would not appear to be much more 
easily nitrified than the nitrogenous residue from the timothy. 

The experiment brings out certain data which may be significant. In 
the first place it has shown that more abundant formation of nitrates took 
place in clover soil than in timothy soil even when both soils had received a 
heavy application of dried blood containing several times as much easily 
nitrifiable nitrogen as was contained in the crop of timothy removed. It 
has also demonstrated that under the same conditions the growth of oats and 
maize varied directly with the quantity of nitrates when these crops were 
produced under conditions in which nitrogen was presumably the limiting 
factor. It has, furthermore, shown that only a minor part of the total nitrogen 
probably remaining in the roots of the clover crop was nitrified before the 
rate of nitrate production in the clover soil fell to that of the timothy soil. 


SUMMARY 


Twelve cylinders capable of being leached were filled with a soil of medium 
fertility and good drainage qualities. The soil was abundantly limed and 
fertilized with acid phosphate, muriate of potash and dried blood. Six 
cylinders were planted to timothy and six to red clover. The soil of all cans 
was inoculated with B. radicicola from clover nodules. 

During the time the timothy and clover were growing the soil was leached 
with distilled water from time to time. Nitrogen was determined in the 
drainage water and in the crops of timothy and clover. After these crops 
were removed the soil was allowed to remain in fallow for a month, leached 
and nitrogen determined in the drainage. Of the cylinders on which timothy 
had been grown two were planted to oats, two to maize and two kept free of 
vegetation. The clover cylinders were treated in the same way. All were 
leached from time to time and nitrogen determined in the drainage water 
and also in the crops. 

There was little difference in the quantities of nitrogen leached from the 
timothy soil and clover soil during the time those two crops were growing 
onthem. There was about six times as much nitrogen leached from the clover 
soil during the month that both soils stood fallow after the timothy and clover 
crops had been removed. There was only about twice as much nitrogen 
leached from the fallow clover soil as from the timothy soil during the next 
five months. At the end of this period the rate of nitrate production in the 
clover soil was little greater than in the timothy soil. The crops of oats and 
maize following clover were larger and contained more nitrogen than did 
those following timothy. 
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The experiment taken as a whole shows that under the same conditions of 
soil and treatment clover caused a greater production of available nitrogen 
than did timothy. This effect is shown in the nitrate content of the drainage 
water and the total nitrogen content of the oats and maize. Whether the 
clover stimulated the nitrification process or whether it contributed easily 
nitrifiable material is not apparent from the data. If the greater production 
of nitrates in the clover soil was due to the decomposition of the residue of 
that crop it appears that a portion of this residue is more easily nitrifiable 
than dried blood and that it constitutes only a small part of the entire residue 
of the clover crop. 
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Methods of sampling the soil of fertility plots for investigation as to its 
chemical content are by no means standardized. One is often led to question 
the conclusions drawn by investigators from their analytical results when the 
method of choosing the samples was not indicated or, when given, showed a 
lack of appreciation of the necessity of accuracy in their selection. 

The Official Methods of the Association of Agricultural Chemists (4) leave 
much to be desired in specific suggestions concerning this matter. The 
directions specify the taking of a “composite sample” with no statement as 
to the number or locaticn of the individual parts of the composite. 

Wiley (10) reviews the methods employed by the more prominent agri- 
cultural experiment stations of Europe. In most cases holes are dug with 
a spade and the sample is secured by making a composite from slices taken 
from the sides of these holes. The location or number of these holes is not 
specified. 

Warington (8) points out the difficulties involved in sampling the same 
plot after some years due to the fact that the quantity of organic matter may 
be changed and the same volume of soil may not represent the same weight 
of inorganic matter as was contained in the original sample. He also notes 
that samples should be chosen for comparison when they are in the same 
condition, i.e., following the same crop and treatment as to cultivation, and 
suggests securing the sample after a crop has been harvested and before plow- 
ing. Warington gives the method adopted by the Rothamsted station and 
followed since 1865. In this method a square frame of sheet-iron covering 
an area of 144 square inches is driven into the soil to a depth of 9 inches and 
the soil contained within this area constitutes the sample. 

Many of the methods giveu are intended for soil survey purposes. The 
method employed by the United States Bureau of Soils is given by Whitney 
(9). Hopkins (2) adopted the very definite plan of taking samples to uniform 
depths but gives no specifications as to distribution of borings in selecting a 
composite. It is probably not the intention of any of those engaged in soil 
survey to return to the identical areas from which the samples were chosen, to 
collect a second sample at some future date for purposes of comparison. Never- 
theless, there are on record numerous cases in which conclusions have been 
drawn from samples chosen at different dates from approximately the same 
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area, in which no more adequate precautions were taken than those indicated 
above for insuring that they actually represented the areas in question. 

Unless it is possible to sample a given area of soil as many times as may 
be desired on the same day with the result that the samples are practically 
identical in composition, there is no reason to believe that conclusions drawn 
from a comparison of analyses of samples chosen from the same areas at periods 
several years apart will be trustworthy. This is particularly true if the work 
is done by different men whose ideas as to how to sample a plot of ground 
differ. 

Leather (3) chose duplicate samples made up of a composite, of 12 borings 
each, to a depth of 9 inches from areas on three Indian experiment stations. 
Determinations of the content of nitrogen, phosphoric acid and potash were 
made. Thelaboratory error was least on the nitrogen. The duplicate samples 
varied from 0.001 to 0.015 per cent of this element, with an average variation 
of 0.006 per cent. 

Thiel (7) selected an area of 200 square meters of uniform soil in which, 
after the soil had been spaded to plow depth, 10 stakes were driven as locations 
for sampling. A spadeful of soil was selected from near each stake. The 
composite sample was then passed through a 2-mm. sieve, thoroughly mixed 
and dried. These operations were repeated twice each month for a year. 
Five determinations were made on each composite with fairly concordant 
results. The nitrogen content of the bimonthly composites, calculated to a 
depth of 50 cm., varied from 9,090 to 10,269 kgm. per hektare. 

Pfeiffer and Blanck (5) chose five samples of soil from each of 6 plots located 
on an area of 9 square meters of land. Four holes were dug on each plot toa 
depth of 25 cm., and a slice was taken from the side of each hole for the com- 
posite. Determinations were made of the nitrogen in the composites. In 
no case did the nitrogen in any composite vary from the mean of the 5 com- 
posites of that plot by more than 0.0063 per cent. 

Robinson and Lloyd (6) determined the experimental error in sampling 
soil in two fields, one of which was quite uniform in texture and the other was 
not. We will confine the discussion to the uniform field. No records are 
given as to depth of sampling or type of auger used. Fifteen borings were 
made at equi-distant points from an area of acre. Each boring was analyzed 
separately for its content of phosphoric acid. Assuming that the weight of 
each boring was the same, one can make certain calculations as to what the 
percentage of phosphoric acid would have been with any combination of 
samples of acomposite. Theresults of these calculations show that the com- 
posite made up of the entire 15 borings would have contained 0.219 per cent 
of phosphoric acid. By selecting other composites of 5, 6, 7, 9 and 41 borings 
chosen according to regular schemes over the area, the percentage of phos- 
phoric acid reported might have varied from 0.212 to 0.229. The analytic 
error is shown in this investigation, however, to be greater than the sampling 


error. 
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Bear and Salter (1) chose 6 composites, each consisting of 38 borings, to a 
depth of 63 inches, from a plot of yy acre. These borings weredistributed at 
regular intervals over the plot. The soil was passed through a 2-mm. sieve 
and then pulverized to pass a 100-mesh sieve. Each composite was analyzed 
for total carbon, nitrogen and phosphorus. Five of the six composites were 
quite uniform in their content of these three elements. The greater variation 
in the total carbon was 0.07 per cent, in total nitrogen 0.009 per cent, and in 
total phosphorus 0.002 per cent. In the sixth composite the content of these 
three elements was higher than the lowest of the five other composites by 
0.15 per cent of carbon, 0.018 per cent of nitrogen and 0.004 per cent of phos- 
phorus. The greatest variation in duplicates of any composite was 0.02 per 
cent of carbon, 0.001 per cent of nitrogen and 0.001 per cent of phosphorus. 


OBJECT OF THIS EXPERIMENT 


It seems desirable to have some very definite plan of selecting soil samples 
from fertility plots if analytical comparisons are to be made from time to 
time of the effect of the fertilizer or other treatments the plots receive. It 
is logical to decide on the method to be employed before field work is begun 
in order that samples of the original soil may be selected and set aside under 
appropriate conditions for comparison with samples to be chosen subsequently 
from the same plot. 

The first question which it was thought best to investigate was that of 
determining how to choose a composite which would accurately represent a 
plot for the particular day on which it was chosen. No consideration there- 
fore, was given to the question of the relationship of this sample to one which 
might be chosen from the same area 10 to 20 years hence. 


PLAN OF THIS EXPERIMENT 


Two plots of ground each 3p acre in size (21 ft. by 103.7 ft.) were set aside 
for this test. Plot I was as uniform as could be secured on the experimental 
field. Plot II was chosen for its lack of uniformity. Stakes were driven at 
various points in the plots and strings were stretched from stake to stake. 
At points of intersection samples were chosen. This located the samples at 
the 45 points indicated in figure 1. The samples were chosen with a 14-inch 
auger. The surface samples represented a depth of 63 inches and the sub- 
surface from 63 to 133 inches. Care was taken to have the soil at a moisture 
content which would permit of removing the auger from the hole without 
losing any of the core.. In this latitude the best time for sampling is usually 
in the month of November. Surface material, leaves and grass were carefully 
removed before sampling was begun. Both depths were secured by sinking 
the auger to the proper depth before removing it with the core. If any surface 
material chanced to fall into the hole before the selection of the second depth, 
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this material was carefully removed with the auger before taking the sub- 
surface sample. Each boring was placed in a separate container, taken to 
the laboratory and placed in the drying room. Twenty days later both plots 
were sampled again in the same manner and within an inch of the same points, 
the original stakes having never been removed. 

Each sample was weighed and prepared for analysis by discarding all 
material which would not pass a 10-mesh sieve and pulverizing the remainder 
in a planetary mill to pass a 100-mesh sieve. The weight of the discard was 
recorded. Nitrogen determinations in 10-gm. duplicates were made of each 
air-dry sample, making a total for the two samplings of 720 determinations. 
If the duplicates did not check within 0.1 cc. of yg NW alkali they were both 
discarded and another set was run. This was necessary in only a relatively 
few cases—the analyst, Mr. J. R. Royston, whose services are acknowledged 
and appreciated, having had considerable experience in nitrogen determinations 


in soils. 
TABLE 1 
Arrangement of borings for composites 


COMPOSITE BORINGS 
1 1 to 45, inclusive 
2 1, 3, 5, 7, 11, 13, 17, 20, 22, 24, 26, 30, 32, 36, 38, 42, 44 
3 | 2,4,8, 10, 14, 16, 20, 22, 24, 26, 29, 33, 35, 39, 41, 43, 45 
4 | 1,2,3,4,5, 19, 20, 21, 22, 23, 24, 25, 26, 27, 41, 42, 43, 44, 45 
5 | 6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 


, 19, 21, 23, 25, 27, 41, 42, 43, 44, 45 
, 20, 22, 24, 25, 26, 41, 42, 43, 44, 45 
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Plot I was not as uniform in composition as had been anticipated. In the 
first sampling the nitrogen content of the borings varied from 0.155 to 0.258 
per cent in the surface soil and from 0.118 to 0.243 per cent in the sub-surface 
soil. The nitrogen percentages varied in the second sampling in much the 
same way, but the highest and the lowest nitrogen content were not always 
found at the same locations on the plot. In the non-uniform plot the nitrogen 
content of the individual borings fluctuated from 0.113 to 0.226 per cent and 
that of the sub-surface from 0.087 to 0.236 per cent, with similar variations 
in the second sampling. Since individual determinations of both weight of 
sample and nitrogen content were made, it was possible to calculate what 
the reported analysis would have been if any given combination of borings 
had been mixed for a composite sample before analyses were made. The 
quantity of soil in a boring varied considerably. In the first sampling of 
plot I the largest core contained 248 gm. and the smallest 116 gm. 

Arranging the single borings into eight groups as shown in table 1 according 
to what might be considered fairly logical schemes of sampling, it was found 
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that the analyses which would have been reported for any plot on the basis 
of these composites varied considerably. both with the method of choosing 
the samples for the composite and the number of samples entering into the 
composite. Table 2 shows the results of this grouping of samples. 


TABLE 2 
Nitrogen in composites 


COMPOSITE | FIRST SAMPLING Pee DIFFERENCE 
per cent per cent per cent 
1 0.210 0.210 0.000 
2 0.213 0.210 0.003 
3 0.213 0.212 0.001 
4 0.211 0.213 0.002 
Us ee 5 0.210 0.207 0.003 
6 0.213 0.212 0.001 
7 0.215 0.217 0.002 
8 0.221 0.219 0.002 
1 .0.187 0.187 0.000 
2 0.188 0.186 0.002 
3 0.187 0.187 0.000 
4 0.189 0.192 0.003 
Plot I. Second depth............ 4 0.186 0.184 0.002 
6 0.191 0.192 0.001 
7 0.193 0.193 0.000 
8 0.195 0.196 0.001 
1 0.166 0.161 0.005 
2 0.168 0.166 0.002 
3 0.168 0.165 0.003 
. 4 0.173 0.173 0.000 
Plot II. First depth............. 5 0.161 0.159 0.002 
6 0.168 0.168 0.000 
7 0.174 0.175 0.001 
8 0.175 0.174 0.001 
1 0.144 0.142 0.002 
2 0.144 0.143 0.001 
3 0.146 0.142 0.004 
4 0.148 0.149 0.001 
Plot II. Second depth.......... 2 0.141 0.141 0.000 
6 0.147 0.144 0.003 
7 0.150 0.144 0.006 
8 0.150 0.149 0.001 


The outstanding feature brought out by this table is that the nitrogen 
contents of the duplicate composites are quite uniform, no matter how these 
composites were selected. This indicates that, within certain limits, the 
number of samples entering into the composite is not so important as that 
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the samples chosen at different times to represent a plot should be selected 
from the same locations on the plot. With the more uniform plot the greatest 
variation was 0.003 per cent, equivalent to 60 pounds of nitrogen per 2,000,000 
pounds of soil. With the less uniform plot the greatest variation amounted 
to 120 pounds per 2,000,000. The composites resulting from the eight group- 
ings of the samples show differences in the nitrogen content of as much as 
0.009 per cent, or 180 pounds per 2,000,000. 

Reference to figures 2 and 3 shows that it is unsafe to have the composite 
made up of too few borings. In many cases the cores selected from the same 
location are almost identical in nitrogen content. At one point in plot 1, 
however, the variation amounted to 0.039 per cent and at several other points 
it exceeded 0.01 per cent. It is possible to so select the borings as to show 
very marked differences in nitrogen content in duplicate composites, provided 
the number of borings in the composite is not large. 

It would appear from a study of these data that selecting the samples accord- 
ing to the arrangement in figures 2 or 3 or a combination of these two could 
give results very comparable with those secured from taking the entire 45 
for the composite. The total number of borings for the composite would then 
be 17 or in the latter case 30. If the second samples were chosen from the 
same locations the data would indicate an almost exact duplication of analysis. 
It would seem logical, however, to arrange these locations uniformly over the 
plot. On the basis of these analyses it is safe to assume that a composite 
of 20 borings distributed uniformly over the plot is satisfactory, provided in 
subsequent sampling the locations of the borings are practically identical 
with those of the first sampling. The effect of cultural treatment with several 
years intervening will be left for a subsequent report. 


CONCLUSIONS 


On the basis of this study it seemed desirable to locate the samples of soil 
for the composite representing each plot according to the arrangement indi- 
cated in figure 4. There appears to be no argument in favor of selecting 
separate samples of the surface and sub-surface soil, but it does seem desir- 
able that the samples be chosen to a depth well beyond the plowline. Accord- 
ing to this plan the composite from each yy-acre plot would be made up of 
20 samples, each chosen to a depth of 12 inches and arranged over the plot 
as indicated in the diagram. In all subsequent sampling of these plots the 
location of the samples and the method of choosing them should be as nearly 
an exact duplication of the first sampling as possible. 


SAMPLING SOIL PLOTS 75 


REFERENCES 


(1) Bear, F. E., AND SALTER, R. M. 1916 The residual effects of fertilizers. W. Va. 
Agr. Exp. Sta. Bul. 160, p. 13. 

(2) Hopkins, C. G., AND Pettit, J. H. 1911 Collecting and testing soil samples. III. 
Agr. Exp. Sta. Cir. 150, p. 1-2. 

(3) LEATHER, J. W. 1902 Sampling of soils. Jn Jour. Chem. Soc. [London], v. 81, no. 
2, p. 883-887. 

(4) Official Agricultural Chemists 1916 Recommendations for official and tentative 
methods of analysis. Jn Jour. Assoc. Off. Agr. Chem., v. 1, no. 4, p. 11-12. 

(5) Preirrer, T. L., AND BLANcK, E. 1912 Die Bedeutung des Analyzen fehlers bei der 
Entscheidung von Fragen iiber den Stickstoffhaushalt des Ackerbodens. In 
Land. Vers. Stat., Bd. 78, p. 367-374. 

(6) Ropinson, G. W., AND Lioyp, W. E. 1915 On the probable error in soil sampling. 
In Jour. Agr. Sci., v. 7, pt. 2, p. 114-153. 

(7) Tuer, R. 1905 Uber die Schwierigkeit, vermittels der Kjeldahlsehen Methode eine 
geringe Stickstoffschwankung in Ackerboden festzustellen. Jn Mitt. Landw. 
Inst. Breslau, Bd. 3, No. 2, p. 157-178. 

(8) WarincTon, Rospert 1895 The Rothamsted Experiment Station. U.S. Dept. Agr. 
Off. Exp. Sta., Bul. 8, p. 7-41. 

(9) Warrney, Mitton 1899 How samples are collected. In U. S. Dept. Agr. Bur. 
Soils Bul. 16, p. 14-15. 

(10) Wirey, H.W. 1895 Principles and Practice of Agricultural Analysis, v. 1, p. 61-95. 
Chemical Publishing Co., Easton, Pa. 


THE EFFECT OF AERATION AND OTHER FACTORS ON THE 
LIME REQUIREMENT OF A MUCK SOIL 


SETH S. WALKER 
Formerly at the Louisiana Agricultural Experiment Station, Baton Rouge 


Received for publication December 30, 1919 
INTRODUCTION 


After the work reported in this paper had been practically completed the 
attention of the author was called to a much more elaborate investigation 
by Conner (1) along the same line. In view of Conner’s paper it might almost 
seem that the present one is superfluous. However, the methods and con- 
ditions of the two investigations differed sufficiently to justify publication of 
the results of both as supplemental to each other. 


METHODS USED AND EXPERIMENTAL RESULTS 


In April, 1919, the writer had occasion to determine the lime requirement 
of some muck soil from the shore of Lake Pontchartrain, Louisiana, and was 
impressed by the fact that the long time required for air-drying, together with 
the frequent stirring, probably brought about chemical changes which would 
affect the determination. Such oxidation changes would presumably reduce 
the acidity. To test this point some of the soil was air-dried in the usual 
way and ground to pass a 2-mm. sieve. Another portion was kept in the 
original moist condition in a sealed jar. Moisture was then determined 
in both the air-dried and the moist portions and the lime requirement of 
each was determined by the Johnson method (2). The equivalent of 10 
gm. of dry soil was weighed in each case and enough water added to the 
air-dried soil and to the blanks to make the total amount of water the same 
in all cases. The mixtures of soil and bicarbonate solution and also the blanks 
were shaken 10 minutes before filtering. 

It is recognized that the Johnson method for lime requirement is rather 
new and has not yet been generally adopted. However, it is rapid, simple, 
and concise in its results, and is believed to be eminently suited to an investi- 
gation like the present one where comparative results only are desired. 

Contrary to expectation, the air-dried sample gave a higher result than the 
undried sample. In other words, it appeared that aeration had increased 
the acidity. 
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The question then arose as to whether a drained and cultivated muck soil 
would actually tend to. become more sour than if it were left undisturbed in 
its original overflowed, water-logged condition. Incidentally, it was desired 
to know how much effect lime, in the quantity indicated by the Johnson 
method, would have in reducing acidity through a considerable period of 
time, and what changes might take place during storage of the moist and 
air-dried soil, respectively. 


TABLE 1 
Lime requirement of muck soil after various treatments 
(Expressed in per cent of calcium carbonate on the basis of oven-dry soil) 


DECEMBER 
APRIL —" DECEMBER 
TREATMENT APRIL) 
Moisture | Lime requirement Ba wank Moisture | Lime requirement 
per cent per cent per cent | per cent per cent 
ss 0.501 
DE oan ceawanas sees 76.4 {0:471,0-486 0.615 | 76.1 0.540 
. 0.559 
SS 19.1 0.547 | 0.418 18.3 0.456 
0.536 
1 60.7 0.489 
er ere ( 66.6 0.514 0.501 
‘ 1 78.6 0.598 
| a ‘ 83.1 0.617 0.608 
' ‘ 1 63.7 | 0.411) 
E. Lime plus aerobic... .. ( 58.9 0 4igj°-414 
‘ - 1 85.0 0.553 
F. Lime plus anaerobic. . 4) 85.2 O54 0-543 


Different portions of the soil were lettered and preserved as follows: 

A. The original moist soil (76.4 per cent moisture), sealed in a glass jar. 

B. Same as A, only air-dried and ground to pass a 2-mm. sieve. Kept 
in an ordinary screw-top sample jar. 

C. Same soil as A; 150 gm. in each of two glass jars, 1 and 2. Jars kept 
uncovered. Soil kept moistened with distilled water and stirred occasionally. 

D. Same soil as A; 150 gm. in each of two glass jars, 1 and 2. Soil covered 
with distilled water and jars kept tightly sealed. 

E. Same as C except for addition of calcium carbonate in the amount 
indicated by the original determination on A. 

F. Same as D except for the addition of calcium carbonate as in E. 
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The tests were started in April, 1919, and continued approximately 8 months. 
At the end of the period (December, 1919) the contents of jars D and F were 
transferred to large porcelain dishes and exposed to the air, with occasional 
stirring, for a few days until the excess of water had evaporated. Moisture 
was then determined in all of the samples, including the original A and B, 
and the lime requirement was determined by the Johnson method, distilled 
water being added to all samples (except the wettest one—F2) and to the 
blanks in quantity to make the relation of dry soil to total liquid the same 
in all cases. 

Also, determinations were made on A and B using the same quantity of 
dry soil and total liquid as was used for the original determinations on these 
samples in April, in order to afford direct comparison between the two dates. 

The results obtained, expressed in percentage of calcium carbonate required 
to neutralize the oven-dry soil, are shown in table 1. 


DISCUSSION OF RESULTS 


The figures given in table 1 plainly indicate that more acidity was de- 
veloped under water-soaked, anaerobic conditions than when the moist soil 
was kept aerated by stirring. Comparing C with D and E with F it will 
be seen that the lime requirement of the anaerobic soil exceeds that of the 
aerobic soil by more than 0.1 per cent ineach case. However, in view of 
Conner’s results (1) showing that the acidity developed by a peat soil is 
greater the more water it contains, it cannot be considered as proved that 
aeration was the controlling factor in the experiments here reported. D 
and F were much wetter than C and E, respectively, and therefore would 
probably have developed more acidity even if C and E had not been me- 
chanically aerated. But of course the logical interpretation of Conner’s 
results, as he himself recognizes, is that the drier soils are better aerated by 
diffusion than are the wetter soils, and that the oxidation thus accomplished 
is at least one factor which tends to decrease acidity. 

If the Johnson method furnishes a true or even approximate measure of 
soil acidity, then it appears that the addition of lime to this soil has greatly 
increased the rate of formation of acids. Thus sample E, which was sup- 
posed to be exactly neutral at the beginning of the experiment, developed 
during the 8 months a lime requirement of 0.414 per cent, while sample C, 
which started with a requirement of 0.486 per cent, showed 0.501 per cent at 
the finish—or a difference of only 0.015 per cent developed during the 8-month 
period. Similarly, sample F, which was neutralized with lime at the beginning, 
developed an acidity of 0.543 per cent, while sample D, without lime, developed 
only the difference between 0.608 and 0.486 per cent, or 0.122 per cent. This 
accelerated rate of acid formation is probably not to be explained by the 
presence of the calcium, but by the Law of Mass Action. The exactly 
neutralized soil would naturally develop acidity much more rapidly than 
one already containing much acid. 
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However this may be, it is evident that in liming a muck soil for permanent 
results one should apply much more lime than is indicated by the lime- 
requirement determination, in order to take care of subsequently developed 
acidity. 

As already noted in the first part of the paper, sample B, air-dried, showed 
a higher lime requirement than sample A, undried. Conner also found that 
air-drying increased the acidity in many cases, though not in the case of an 
organic soil containing much water, such as sample A. 

But when samples A and B were kept in storage for 8 months some notable 
changes took place. Sample A, containing 76 per cent of water, developed a 
considerable increase of acidity (changing from 0.486 to 0.615 per cent) 
while the air-dried sample (19 per cent moisture) changed in the other 
direction, from 0.547 to 0.418 per cent. 

Some light is thrown on the nature of the Johnson method for lime re- 
quirement, and all similar methods, by a consideration of the two sets of values 
found for A and B in December. In the first case, where the same ratio of 
dry soil to total liquid was used as had been used in the April determinations, 
somewhat different results were obtained than in the second case where a 
greater amount of total liquid was used in order to make the results compar- 
able with those of C, D, E and F. This, of course, merely emphasizes the 
well known fact that all such methods are only comparative, not absolute, 
and that conditions must be rigidly controlled in using them. 


SUMMARY 


A typical black muck soil was treated in various ways in order to study the 
effect of aeration and other factors on lime requirement as determined by the 
Johnson method. 

It was found: 

That the lime requirement of this soil was increased by air-drying. 

That when the soil was kept moist and frequently stirred for a period of 8 
months the increase of acidity was decidedly less than when it was kept 
covered with water in a sealed jar. 

That soil which was first neutralized with calcium carbonate and then kept 
for a period of 8 months, under either aerobic or anaerobic conditions, de- 
veloped a great deal more acidity than did unneutralized soil under the same 
conditions. This is explained by the Law of Mass Action. 

That the lime requirement of all samples stored in a moist condition was 
increased, but that the air-dried sample decreased in acidity during storage. 

It was emphasized that results obtained by the Johnson and similar methods 
are comparative rather than absolute, and that rigid conditions must be 
adhered to in using such methods. 
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